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Introduction to the Non-Volatile 
Memory Family 


National Semiconductor looks at 
memory the way you do. 

Some of your systems require non-volatile memory with lightning-fast 
address-access times for high-speed micro-control storage. To meet 
those needs, there is National’s Bipolar PROM Family. 

For systems that require non-volatile memory with low power con- 
sumption, reprogrammability, and microprocessor speeds, there is our 
CMOS EPROM Family. 

Where in-circuit, remote-programmable memory can give you the de- 
sign flexibility and end product advantage you need. National provides 
you with a family of EEPROMS. 


Introduction to the Non-Volatile Memory Family 
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CMOS EPROMs Non-Volatile 
Memory Selection Guide 



Part No. 

Org. 

Size 

No. of 

Access 

Prog. 

PS 

Power (mW) 

Temp 

Pins 

Time 

Volt. 

Tol. 

ActIve/SBY 

Range 

NMC27C16BQ35 

2kx8 

16k 

24 

350 

13 

5% 

26.25/0.53 

0“Cto +70°C 

NMC27C16BQE35 

2kx8 

16k 

24 

350 

13 

5% 

26.25/0.53 

-40°Cto +85°C 


NMC27C32BQ200 

4kx8 

32k 

24 

200 

13 

10% 

27.5/0.55 

O'Cto +70'C 

NMC27C32BQ350 

4kx8 

32k 

24 

350 

13 

10% 

27.5/0.55 

O'Cto +70“C 

NMC27C32BQE200 

4k X 8 

32k 

24 

200 

13 

10% 

27.5/0.55 

-40'Cto +85'C 

NMC27C32BQE350 

4kx8 

32k 

24 

350 

13 

10% 

27.5/0.55 

-40'Cto +85°C 


NMC27C64Q15 

8kx8 

64k 

28 

150 

13 

5% 

55/0.55 

0°Cto +70°C 

NMC27C64Q150 

8kx8 

64k 

28 

150 

13 

10% 

55/0.55 

0°Cto+70°C 

NMC27C64Q200 

8kx8 

64k 

28 

200 

13 

10% 

55/0.55 

O'Cto +70°C 

NMC27C64Q250 

8kx8 

64k 

28 

250 

13 

10% 

55/0.55 

O'Cto +70°C 

NMC27C64Q300 

8kx8 

64k 

28 

300 

13 

10% 

55/0.55 

0°Cto +70°C 

NMC27C64QE200 

8kx8 

64k 

28 

200 

13 

10% 

55/0.55 

-40°Cto +85°C 

NMC27C64QM250 

8kx8 

64k 

28 

250 

13 

10% 

55/0.55 

-55“Cto +125°C 


NMC27C256Q17 

32k X 8 

256k 

28 

170 

13 

5% 

55/0.55 

0°Cto +70°C 

NMC27C256Q200 

32k X 8 

256k 

28 

200 

13 

10% 

55/0.55 

0°Cto +70°C 

NMC27C256Q250 

32k X 8 

256k 

28 

250 

13 

10% 

55/0.55 

0°Cto +70°C 

NMC27C256Q300 

32k X 8 

256k 

28 

300 

13 

10% 

55/0.55 

0°Cto +70°C 

NMC27C256QE250 

32k X 8 

256k 

28 

250 

13 

10% 

55/0.55 

-40°Cto +85°C 

NMC27C256QM250 

32k X 8 

256k 

28 

250 

13 

10% 

55/0.55 

-55°Cto +125°C 

NMC27C256QM350 

32k X 8 

256k 

28 

350 

13 

10% 

55/0.55 

-55°Cto +125°C 


NMC27C256BQ90 

32k X 8 

256k 

28 

90 

12.5 

10% 

220/0.55 

0“Cto +70°C 

NMC27C256BQ120 

32k X 8 

256k 

28 

120 

12.5 

10% 

220/0.55 

O'Cto +70°C 

NMC27C256BQ150 

32k X 8 

256k 

28 

150 

12.5 

10% 

220/0.55 

0‘Cto +70°C 

NMC27C256BQ200 

32k X 8 

256k 

28 

200 

12.5 

10% 

220/0.55 

0°Cto +70°C 

NMC27C256BQE120 

32k X 8 

256k 

28 

120 

12.5 

10% 

220/0.55 

-40°Cto +85°C 

NMC27C256BQM150 

32k X 8 

256k 

28 

150 

12.5 

10% 

220/0.55 

-55°Cto +125'C 






















































































































































































































































CMOS EPROMs Non-Volatile Memory Selection Guide 



Part No. 

Org. 

Size 

No. of 

Access 

Prog. 

PS 

Power (mW) 

Temp 

Pins 

Time 

Volt. 

Tol. 

Active/SBY 

Range 

NMC27C512Q250 

64k X 8 

512k 

28 

250 

13 

10% 

55/0.55 

O'Cto +70°C 

NMC27C512Q300 

64k X 8 

512k 

28 

300 

13 

10% 

55/0.55 

0°Cto +70°C 

NMC27C512Q350 

64k X 8 

512k 

28 

350 

13 

10% 

55/0.55 

0°Cto +70“C 

NMC27C512QE250 

64k X 8 

512k 

28 

250 

13 

10% 

55/0.55 

-40°Cto +85'>C 

NMC27C512QM350 

64k X 8 

512k 

28 

350 

13 

10% 

55/0.55 

-55°Cto +125°C 


NMC27C512AQ90 

64k X 8 

512k 

28 

90 

12.5 

10% 

220/0.55 

0°Cto -l-70°C 

NMC27C512AQ120 

64k X 8 

512k 

28 

120 

12.5 

10% 

220/0.55 

0°Cto +70°C 

NMC27C512AQ150 

64k X 8 

512k 

28 

150 

mm 

10% 

220/0.55 

O'C to +70°C 

NMC27C512AQ200 

64k X 8 

512k 

28 

200 

12.5 

10% 

220/0.55 

0°Cto +70°C 

NMC27C512AQE120 

64k X 8 

512k 

28 

120 

12.5 

10% 

220/0.55 

-40°Cto +85°C 

NMC27C512AQM150 

64k X 8 

512k 

28 

150 

12.5 

10% 

220/0.55 

-55°Cto +125°C 


NMC27C1024Q90 

64k X 16 

1024k 

40 

90 

12.5 

10% 

275/0.55 

0°Cto +70°C 

NMC27C1024Q120 

64k X 16 

1024k 

40 

120 

12.5 

10% 

275/0.55 

0°Cto +70°C 

NMC27C1024Q150 

64k X 16 

1024k 

40 

150 

12.5 

10% 

275/0.55 

0°Cto +70°C 

NMC27C1024Q200 

64k X 16 

1024k 

40 

200 

12.5 

10% 

275/0.55 

O’Cto +70°C 

NMC27C1024QE120 

64k X 16 

1024k 

40 

120 

12.5 

10% 

275/0.55 

-40°Cto +85°C 

NMC27C1024QM150 

64k X 16 

1024k 

40 

150 

12.5 

10% 

275/0.55 

-55“Cto +125°C 


NMC27C1023Q90 

128x8 

1024k 

32 

90 

12.5 

10% 

275/0.55 

O'C to +70“C 

NMC27C1023Q120 

128x8 

1024k 

32 

120 


10% 

275/0.55 

O'Cto +70“C 

NMC27C1023Q150 

128x8 

1024k 

32 

150 

12.5 

10% 

275/0.55 

0°C to +70‘’C 

NMC27C1023Q200 

128x8 

1024k 

32 

200 

12.5 

10% 

275/0.55 

0°Cto +70'C 

NMC27C1023QE120 

128x8 

1024k 

32 

120 

12.5 

10% 

275/0.55 

-40'Cto +85°C 

NMC27C1023QM150 

128x8 

1024k 

32 

150 

12.5 

10% 

275/0.55 

-55'Cto +125°C 
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National 

Semiconductor 

Corporation 


PRELIMINARY 


One-Time-Programmable EPROMs 


National Semiconductor plans to introduce the following 
EPROMs in a plastic One-Time-Programmable package in 
1987: 

NMC27C32BN 

NMC27C64N 

NMC27C256BN 

NMC27C512AN 

NMC27C1023N 

NMC27C1024N 


opposed to those who use it for pattern experimentation 
and proto-typing. National can produce the OTP very eco- 
nomically because neither a quartz window nor a hermeti- 
cally sealed package is required. 

Since the OTP does not have a quartz window to expose 
the chip to UV light, the device cannot be erased. It there- 
fore can only be programmed once by the user. 

The plastic OTP EPROM has the additional advantage as a 
production part that it works weil in automatic insertion 
equipment. 


The One-Time-Programmable EPROM, or OTP, is an 
EPROM packaged in a molded plastic package without a 
quartz window. This part is particularly advantageous for us- 
ers of the EPROM who are in high volume production, as 


National Semiconductor has earned an excellent reputation 
in the industry for product reliability. The OTP EPROM will 
be produced with the same stringent reliability standards as 
other National products. 
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One-Time-Programmable EPROMs 



NMC27C16B 



National 

Semiconductor 

Corporation 


NMC27C16B 16,384-Bit (2048 x 8) 
UV Erasable CMOS PROM 


PRELIMINARY 


General Description 

The NMC27C16B is a high speed 16k UV erasable and 
electrically reprogrammable CMOS EPROM, ideally suited 
for applications where fast turnaround, pattern experimenta- 
tion and low power consumption are important require- 
ments. 

The NMC27C16B is packaged in a 24-pin dual-in-line pack- 
age with transparent lid. The transparent lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written into the device by follow- 
ing the programming procedure. 

This EPROM is fabricated with National’s proprietary, time 
proven microCMOS double-poly silicon gate technology 
which combines high performance and high density with low 
power consumption and excellent reliability. 


Features 

■ Clocked sense amps for fast access — 350 ns 

■ Low CMOS power consumption 
Active power: 26.25 mW max 

Standby power: 0.53 mW max (98% savings) 

■ Performance compatible to NSCSOOTm CMOS micro- 
processor 

■ Single 5V power supply 

■ Extended temperature range available 
(NMC27C16BQE), -40‘'C to +85‘’C 

■ Pin compatible to MM2716 and National’s higher densi- 
ty EPROMs 

■ Static — no clocks required 

■ TTL compatible inputs/outputs 

■ TRI-STATE® output 


Block and Connection Diagrams 

Pin Names 



A0-A10 

Addresses 

CE 

Chip Enable 

OE 

Output Enable 

O 0 -O 7 

Outputs 

PGM 

Program 

NC 

No Connect 


TL/D/9180-1 


27C256 

27C128 

27C64 

CO 

0 

CM 

Dual-ln-Llne Package 

27C32 

27C64 

27C128 

27C256 

27256 

27128 

2764 

2732 






2732 

2764 

27128 

27256 

Vpp 

Vpp 

Vpp 


A7- 

1 

w 

24 

-Vcc 


Vcc 

Vcc 

Vcc 

A12 

A12 

A12 


A6- 

2 


23 

-A8 


PGM 

PGM 

A14 

A7 

A7 

A7 

A7 

A5- 

3 


22 

-A9 

Vcc 

NC 

A13 

A13 

A6 

A6 

A6 

A6 

A4- 

4 


21 


A8 

A8 

A8 

A8 

A5 

A5 

A5 

A5 

A3- 

5 


20 

-61 

A9 

A9 

A9 

A9 

A4 

A4 

A4 

A4 

A2- 

6 

NMC27C16B 

19 

-AlO 

All 

All 

All 

All 

A3 

A3 

A3 

A3 

At- 

7 

TOP VIEW 

18 

— CE/PGM 

DE/Vpp 

Oh 

OE 

OE 

A2 

A2 

A2 

A2 






A10 

A10 

A10 

A10 

A1 

A1 

A1 

A1 

AO — 

8 


17 

-0; 

CE 

CE 

CE 

CE 

AO 

AO 

AO 

AO 

Oq" 

9 


16 

-0$ 

O7 

O7 

O7 

O7 

Oo 

Oo 

Oo 

Oo 

0,- 




-O 5 

Oe 

Oe 

Oe 

Oe 

Oi 

Oi 

Oi 

Oi 

®2~ 

11 


14 

-O 4 

O5 

O5 

O5 

O5 

O2 

O2 

O2 

O2 

GNO — 

12 



-O 3 

O4 

O4 

O4 

O4 

GND 

(aND 

GND 

GND 





TL/D/9180-2 

O3 

O3 

O3 

O3 


Note: National’s socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C16 pins. 
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Absolute Maximum Ratings (Notei) 

Specifications for Miiitary/ Aerospace products are not 
contained in this datasheet. Refer to the associated 
reiiabiiity eiectricai test specifications document. 

Temperature Under Bias -10°Cto +80°C 

Storage Temperature — 65°Cto +125°C 

All Input Voltages with 

Respect to Ground + 6.5V to - 0.6V 


All Output Voltages with 

Respect to Ground Vcc + 0.3V to GND -0.6V 


Vpp Supply Voltage 

with Respect to Ground + 14.0V to -0.6V 

Power Dissipation 1 .OW 

Lead Temp. (Soldering, 1 0 sec.) 300°C 

ESD rating to be determined. 


Operating Conditions (Note?) 

Temperature Range 

NMC27C16BQ35 O'Cto+TO'C 

NMC27C1 6BQE35 - 40°C to + 85°C 


Vcc Power Supply 


+ 5V ±5% 


READ OPERATION 
DC Electrical Characteristics 


Symbol 

Parameter 

Conditions 

Min 

Typ 

(Note 2) 

Max 

Units 

Ili 

Input Load Current 

V|N — Vcc or GND 



10 

juA 

>LO 

Output Leakage Current 

VoUT = Vcc or GND, CE = Vm 



10 

jliA 

icci 

Vcc Current (Active) 
TTL Inputs 

CE = V|L, f = 1 MHz 
Inputs = V|H or V|L 
I/O = 0 mA 


2 

10 

mA 

ICC2 

Vcc Current (Active) 
CMOS Inputs 

CE = GND, f = 1 MHz 
Inputs = Vcc or GND, 
I/O = 0 mA 


1 

5 

mA 

, ICCSBI 

Vcc Current (Standby) 
TTL Inputs 

ml 

II 

< 

X 


0.1 

1 

mA 

ICCSB2 

Vcc Current (Standby) 
CMOS Inputs 

ml 

II 

< 

o 

o 


0.5 

100 

fiA 

VlL 

Input Low Voltage 


-0.1 


0.8 

V 

V|H 

Input High Voltage 


2.0 


Vcc + 1 

V 

VoL1 

Output Low Voltage 

Iql = 2.1 mA 



0.45 

n 

V0H1 

Output High Voltage 

Iqh = -400 p,A 

2.4 




V0L2 

Output Low Voltage 

Iql = 0 p,A 



0.1 

mm 

V0H2 

Output High Voltage 

Iqh = 0 p,A 

< 

o 

o 

1 

p 



1 V 


AC Electrical Characteristics 


Symbol 

Parameter 

Condition 

NMC27C16B 

350,E350 

Units 




Min 

Max 


IaCC 

Address to Output Delay 

> 

II 

II 

|IU 

lo 


350 

ns 

tCE 

CE to Output Delay 

_l 

> 

II 

|UJ 

lo 


350 

ns 

tOE 

OE to Output Delay 

ml 

II 

< 


120 

ns 

tOF 

OE High to Output Float 

> 

II 

|UJ 

lo 

0 

100 

ns 

tOH 

Output Hold from Addresses, 
CE or OE, Whichever 
Occurred First 

> 

II 

|UJ 

10 

11 

|UJ 

lo 

0 


ns 


1 
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NMC27C16B 


Capacitance (NotesHiA = + 25 °c,f = i mhz) 


Symbol 

Parameter 

Conditions 

Typ 

Max 

Units 

C|N 

Input Capacitance 

V,N = OV 

4 

6 

pF 

Gout 

Output Capacitance 

VOUT = OV 

8 

12 

pF 


AC Test Conditions 

Output Load 1 TTL Gate and C|_ = 100 pF Timing Measurement Reference Level 

Input Rise and Fall Times ^20 ns Inputs 1Vand2V 

Input Pulse Levels 0.8V to 2.2V Outputs 0.8V and 2V 

AC Waveforms (Note 2 ) 



Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reiiability. 

Note 2: Vcc niust be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

Note 3: Vpp may be connected to Vcc except during programming. Icci ^ file sum of the Ice active and Ipp read currents. 

Note 4: Typical values are for Ta = + 25°C and nominal supply voltages. 

Note 5: This paramenter is only sampled and is not 1 00% tested. 

Note 6: OE may be delayed up to tACC ~ *OE e^er the falling edge of CE without impact on tACC- 
Note 7: The top compare level is determined as follows: 

High to TRI-STATE, the measured Vqhi (DC) - 0.10V 
Low to TRI-STATE, the measured Vqli (DC) -I- 0.10V 
Note 8: TRI-ST ATE may be attained using OE or CE. 

Note 9: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that a 0.1 iiF ceramic capacitor be used on every 
device between Vcc and GND. 

Note 10: The outputs must be restricted to Vcc + 0-3V to avoid latch-up and device damage. 
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Programming Characteristics 

Ta = +25“C ±5°C, Vcc = 6V ± 0.25V, Vpp = 12.2V to 13.3V (Notes 2, 3, & 4) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Us 

Address Set-Up Time 


2 



jaS 

tOES 

OE Set-Up Time 


2 



fiS 

<DS 

Data Set-Up Time 


2 



p.S 

Uh 

Address Hold Time 


0 



JU.S 

toH 

Data Hold Time 


2 



flS 

*DF 

Output Enable to Output Float Delay 

CE/PGM = V|L 

0 


100 

ns 

tOE 

Output Enable to Output Delay 

CE/PGM = V|L 



120 

ns 

tpw 

Program Pulse Width 


0.5 

0.5 

10 

ms 

Ipp 

Vpp Supply Current During 
Programming Pulse 

CE/PGM = V|L 



30 

mA 

Icc 

Vcc Supply Current 




10 

mA 


AC Test Conditions 


Vcc 

6V± 0.25V 

Timing Measurement Reference Level 


Vpp 

12.2V to 13.3V 

Inputs 

1Vand2V 

Input Rise and Fall Times 

^20 ns 

Outputs 

0.8V and 2V 

Input Pulse Levels 

0.45V to 2.4V 



Programming Waveforms 

(Note 3) 





Note: All times shown in parentheses are minimum and in uniess othenwise specified. 


Note 1: National’s standard product warranty applies only to devices programmed to specifications described herein. 

Note 2: Vcc niust be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The NMC27C16B must not be inserted into or removed from 
a board with voltage applied to Vpp or Vcc- 

Note 3: The maximum allowable voltage which may be applied to the Vpp pin during programming Is 14V. Care must be taken when switching the Vpp supply to 
prevent overshoot exceeding this 14V maximum specification. At least a 0.1 jxF capacitor is required across Vpp, Vcc fo GND to suppress spurious voltage 
transients which may damage the device. 

Note 4: Programming and program verify are tested at nominal power supply voltages. 
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Functional Description 

DEVICE OPERATION 

The five modes of operation of the NMC27C16B are listed 
in Table I. It should be noted that all inputs for the five 
modes are at TTL levels. The power supplies required are 
Vcc and Vpp. The Vpp power supply must be at 13.0V dur- 
ing the three programming modes, and must be at 5V in the 
other two modes. The Vcc power supply must be at 6V 
during the three programming modes, and at 5V in the other 
two modes. 

Read Mode 

The NMC27C16B has two control functions, both of which 
must be logically active in order to obtain data at the out- 
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. Assuming that addresses 
are s^le, address access time (tAcc) 's equal to the delay 
from CE to output (tcE)- Data Is available at the outputs toE 
after the falling edge of OE, assuming that CE has been low 
and addresses have been stable for at least tAcc-toE- The 
sense amps are clocked for fast access time. Vcc should 
therefore be maintained at operating voltage during read 
and verify. If Vcc temporarily drops below the spec voltage 
(but not to ground) an address transition must be performed 
after the drop to insure proper output data. 

The sense amps are clocked for fast access time. Vcc 
should therefore be maintained at operating voltage during 
read and verify. If Vcc temporarily drops below the spec, 
voltage (but not to ground) an address transition must be 
performed after the drop to insure proper output data. 

Standby Mode 

The NMC27C16B has a standby mode which reduces the 
active power dissipation by 98%, from 26.25 mW to 0.53 
mW. The NMC27C16B is placed in the standby mode by 
applying a CMOS high signal to the CE input. When in 
standby mode, the outputs are in a high impedance state, 
independent of the OE input. 

Output OR-Tying 

Because NMC27C16Bs are usually used in larger memory 
arrays. National has provided a 2-line control function that 
accommodates this use of multiple memory connections. 
The 2-line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom- 
mended that CE (pin 1 8) be decoded and used as the pri- 


mary device selecting function, while OE (pin 20) be made a 
common connection to all devices in the array and connect- 
ed to the READ line from the system control bus. This as- 
sures that all deselected memory devices are in their low 
power standby modes and that the output pins are active 
only when data is desired from a particular memory device. 

Programming 

CAUTION: Exceeding 14V on pin 1 (Vpp) will damage the 
NMC27C16B. 

Initially, and after each erasure, all bits of the NMC27C16B 
are in the “1” state. Data is introduced by selectively pro- 
gramming "Os” into the desired bit locations. Although only 
“Os” will be programmed, both “Is” and “Os” can be pre- 
sented in the data word. The only way to change a “0” to a 
“1” is by ultraviolet light erasure. 

The NMC27C16B is in the programing mode when the 
Vpp power supply is at 13.0V and OE is at Vm- It is required 
that at least a 0.1 juF capacitor be placed across Vpp, Vcc 
to ground to suppress spurious voltage transients which 
may damage the device. The data to be programmed is 
applied 8 bits in parallel to the data output pins. The levels 
required for the address and data inputs are TTL. 

When the address and data are stable, a n active low, TTL 
program pulse is applied to the CE/PGM input. A program 
pulse must be applied at each address location to be pro- 
grammed. Any location may be programmed at any time — 
either individually, sequentially, or at random. The 
NMC27C16B is designed to be programmed in either of two 
ways: single pulse programming, where each address Is 
programmed with a 10 ms pulse; or interactive program- 
ming, where each address is programmed with a series of 
0.5 ms pulses until it verifies (up to a maximum of 20 pulses 
or 10 ms). Only the Interactive programming method has 
been tested. The NMC27C16 B must no t be programmed 
with a DC signal applied to the CE/PGM input. 
Programming multiple NMC27C16B in parallel with the 
same data can be easily accomplished due to the simplicity 
of the programming requirements. Like inputs of the paral- 
leled NMC27C16BS may be connected together when they 
are programmed with the s ame data. A low level TTL pulse 
applied to the CE/PGM input programs the paralleled 
NMC27C16BS. 


TABLE I. Mode Selection 


Pins 

Mode 

CE/PGM 

(18) 

OE 

(20) 

Vpp 

(21) 

Vcc 

(24) 

Outputs 
(9-11), (13-17) 

Read 

V|L 

VlL 

Vcc 

5 

Dqut 

Standby 

V|H 

Don’t Care 

Vcc 

5 

Hl-Z 

Program 

Pulsed V|H to V|L 

V|H 

13.0 

6 

D|n 

Program Verify 

V|H 

V|L 

13.0 

6 

Dqut 

Program Inhibit 

V|H 

ViH 

13.0 

6 

Hi-Z 
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Functional Description (Continued) 

Program Inhibit 

Programming muitiple NMC27C16Bs in paralle l wi t h diff er- 
ent data is also easily accomplished. Except for CE/ PGM all 
like inputs (including OE) of the parallel NMC27C16Bs may 
be common. A TT L low level program pulse applied to an 
NMC27C16B’s CE/PGM input with Vpp at 13.0V wi ll pro- 
gram that NMC27C16B. A TTL high level CE/PGM input 
inhibits the other NMC27C16Bs from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with Vpp at 13.0V. Except during 
programming and program verify, Vpp must be at Vcc- 

ERASURE CHARACTERISTICS 

The erasure* characteristics of the NMC27C16B are such 
that erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000A-4000A 
range. Data shows that constant exposure to room-level flu- 
orescent lighting could erase the typical NMC27C16B in ap- 
proximately 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct sunlight, if 
the NMC27C16B is to be exposed to these types of lighting 
conditions for extended periods of time, opaque labels 
should be placed over the NMC27C16B window to prevent 
unintentional erasure. Covering the window will also prevent 
temporary functional failure due to the generation of photo 
currents. 

The recommended erasure procedure for the NMC27C16B 
is exposure to short wave ultraviolet light which has a wave- 
length of 2537 Angstroms (A). The integrated dose (i.e., UV 
intensity x exposure time) for erasure should be a mimimum 
of 15W-sec/cm2. 


The NMC2716B should be placed within 1 inch of the lamp 
tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. Table II 
shows the minimum NMC27C16B erasure time for various 
light intensities. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance. (If 
distance is doubled the erasure time increases by a factor of 
4.) Lamps lose intensity as they age. When a lamp is 
changed, the distance has changed, or the lamp has aged, 
the system should be checked to make certain full erasure 
is occuring. Incomplete erasure will cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when in- 
complete erasure was the problem. 

SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current. Ice. 
has three segments that are of interest to the system de- 
signer — the standby current level, the active current level, 
and the transient current peaks that are produced by volt- 
age transitions on input pins. The magnitude of these tran- 
sient current peaks is dependent on the output capacitance 
loading the device. The associated Vcc transient voltage 
peaks can be suppressed by properly selected decoupling 
capacitors. It is recommended that at least a 0.1 )liF ceramic 
capacitor be used on every device between Vcc and GND. 
This should be a high frequency capacitor of low inherent 
inductance. In addition, at least a 4.7 joiF bulk electrolytic 
capacitor should be used between Vcc and GND for each 
eight devices. The bulk capacitor should be located near 
where the power supply is connected to the array. The pur- 
pose of the bulk capacitor is to overcome the voltage drop 
caused by the Inductive effects of the PC board traces. 


TABLE II. Minimum NMC27C16B Erasure Time 


Light Intensity 
(Micro-Watts/cm2) 

Erasure Time 
(Minutes) 

15,000 

20 

10,000 

25 

5,000 

50 
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National 

Semiconductor 

Corporation 


PRELIMINARY 


microCMOS 


NMC27C32B 32,768-Bit (4k x 8) 
UV Erasable CMOS PROM 


General Description 

The NMC27C32B is a high-speed 32k UV erasable and 
electrically reprogrammable CMOS EPROM, ideally suited 
for applications where fast turnaround, pattern experimenta- 
tion and low power consumption are important require- 
ments. 

The NMC27C32B is designed to operate with a single +5V 
power supply with ±10% tolerance. The CMOS design al- 
lows the part to operate over the Extended Temperature 
Range. 

The NMC27C32B is packaged in a 24-pin dual-in-line pack- 
age with transparent lid. The transparent lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written electrically into the device 
by following the programming procedure. 

This EPROM is fabricated with National’s proprietary, time 
proven microCMOS double-pidy silicon gate technology 
which combines high performance and high density with low 
power consumption and excellent reliability. 


Features 

■ Clocked sense amps for fast access time down to 
200 ns 

■ Low CMOS power consumption 

— Active Power 27.5 mW max 

— Standby Power 0.55 mW max 

■ Performance compatible to NSCSOOTm CMOS micro- 
processor 

■ Single 5V power supply 

■ Extended temperature range (NMC27C32BOE), -40°C 
to 85°C, available 

■ Pin compatible with NMOS 32k EPROMS 

■ Fast and reliable programming 

■ Static operation — no clocks required 

■ TTL, CMOS compatible inputs/outputs 

■ TRI-STATE® output 


Block Diagram 


DATA OUTPUTS Oa-O? 



A0-A11 

Addresses 

CE 

Chip Enable 

OE/Vpp 

Output Enable/ 

Programming 

Voltage 

O 0 -O 7 

Outputs 

P^ 

Program 

NC 

No Connect 
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Connection Diagram 


27C56 

27C128 

27C64 

27C16 

Dual-ln-Llne Package 

27C16 

27C64 

27C128 

27C256 

27256 

27128 

2764 

2716 



— < 


2716 

2764 

27128 

27256 

Vpp 

Vpp 

Vpp 


A7- 

V / 

1 

24 

— Vcc 


Vcc 

Vcc 

Vcc 

A12 

A12 

A12 


A6- 

2 

23 

-A8 


PGM 

PGM 

A14 

A7 

A7 

A7 

A7 

A5- 

3 

22 

-A9 

Vcc 

NC 

A13 

A13 

A6 

A6 

A6 

A6 

A4- 

4 

21 

-All 

A8 

A8 

A8 

A8 

A5 

A5 

A5 

A5 





A9 

A9 

A9 

A9 

A4 

A4 

A4 

A4 

A3 “ 

5 

NMC27C32B 

20 

— OE/Vpp 

VPP 

All 

All 

All 

A3 

A3 

A3 

A3 

A2- 

b 

19 

— A10 

OE 

OE 

OE 

OE 

A2 

A2 

A2 

A2 

A1 - 

7 

18 

-CE 

A10 

A10 

A10 

A10 

A1 

A1 

A1 

A1 

AO- 

8 

17 

-O 7 

CE 

CE 

CE 

CE 

AO 

AO 

AO 

AO 

0 q“ 

9 

16 

“Os 

O 7 

O 7 

O 7 

O 7 

Oo 

Oq 

Oo 

Oo 

0,- 

10 

15 

“Os 

Oe 

Oe 

Oe 

Oe 

0i 

0i 

0l 

0i 

Oj- 

11 

14 

-O 4 

O 5 

O 5 

O 5 

O 5 

O 2 

O 2 

O 2 

O 2 

GND- 

12 

13 

-O 3 

O4 

O4 

O4 

O4 

GND 

GND 

GND 

GND 





O 3 

O 3 

O 3 

O 3 


TL/D/8827-2 

Top View 


Note: National’s socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C32B pins. 

See NS Package Number J24A-Q 
Commercial Temp Range (0°C to +70°C) 


Vcc = 5V +10% 


Parameter/Order Number 

Access Time (ns) 

NMC27C32BQ200 

200 

NMC27C32BQ350 

350 

Extended Temp Range (- 

-40°Cto +85X) 

Vcc = 5V ±10% 


Parameter/Order Number 

Access Time (ns) 

NMC27C32BQE200 

200 

NMC27C32BQE350 

350 
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Absolute Maximum Ratings (Notei) 


Specifications for Military/ Aerospace products are not 
contained in this datasheet. Refer to the associated 
reliability electrical test specifications document. 

Temperature Under Bias -10°C to +80°C 

Storage Temperature - 65°C to + 1 25°C 

All Input Voltages with 

Respect to Ground +6.5Vto-0.6V 


All Output Voltages with 

Respect to Ground Vcc+0.3V to GND-0.6V 


READ OPERATION 
DC Electrical Characteristics 


Vpp Supply and A9 Voltage 

with Respect to Ground +1 4.0V to - 0.6V 

Power Dissipation 1 .OW 

Lead Temp. (Soldering, 10 sec.) 300°C 

ESD rating to be determined. 


Operating Conditions (Note?) 

Temperature Range 

NMC27C32BQ200, 350 O’C to + 70°C 

NMC27C32BQE200, E350 -40°C to +85°C 


Vcc Power Supply 


+ 5V ±10% 


Symbol 

Parameter 

Conditions 

Min 

Typ (Note 2) 

Max 

Units 

Ili 

Input Load Current 

V|N ~ VccorGND 



10 

fxA 

Ilo 

Output Leakage Current 

VoUT = Vcc or GND, CE = V|h 



10 

jaA 

Icci 

Vcc Current (Active) 
TTL Inputs 

CE = V|L, f = 1 MHz 
Inputs = V|H or V|l 
I/O = 0 mA 


2 

10 

mA 

•CC2 

Vcc Current (Active) 
CMOS Inputs 

CE = GND, f = 1 MHz 
Inputs = Vcc or GND, 
I/O = 0 mA 


1 

5 

mA 

ICCSBI 

Vcc Current (Standby) 
TTL Inputs 

X 

> 

II 

lUJ 

b 


0.1 

1 

mA 

ICCSB2 

Vcc Current (Standby) 
CMOS Inputs 

ml 

II 

< 

o 

o 


0.5 

100 

JU.A 

V|L 

Input Low Voltage 


-0.1 


0.8 

V 

V|H 

Input High Voltage 


2.0 


Vcc +1 

V 

VoLI 

Output Low Voltage 

Iql = 2.1 mA 



0.45 

V 

Vqhi 

Output High Voltage 

Iqh = -400 nA 

2.4 



V 

VqL2 

Output Low Voltage 

Iql = 0 p,A 



0.1 

V 

V0H2 

Output High Voltage 

lOH = 0 /xA 

< 

o 

o 

1 

p 



V 


AC Electrical Characteristics 


Symbol 

Parameter 

Conditions 

NMC27C32B 
200, E200 

NMC27C32B 
350, E350 

Units 




Min 

Max 

Min 

Max 


Ucc 

Address to Output Delay 

ml 

II 

ml 

II 

< 

t~ 


200 


350 

ns 

tCE 

CE to Output Delay 

> 

II 

|UJ 

lo 


200 


350 

ns 

tOE 

OE to Output Delay 

-j 

> 

II 

|UJ 

b 


60 


150 

ns 

tOF 

OE High to Output Float 

_i 

> 

II 

|UJ 

b 

0 

60 

0 

130 

ns 

tOH 

Output Hold from Addresses, 
CE or OE, Whichever 
Occurred First 

CE = OE = V|L 

0 


0 


ns 
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Capacitance ta = +25°c,f = i MHz(Note3) 


Symbol 

Parameter 

Conditions 

Typ 

Max 

Units 

C|N 

Input Capacitance 

< 

z 

II 

o 

< 

4 

6 

pF 

Gout 

Output Capacitance 

VoUT = OV 

8 

12 

pF 


AC Test Conditions 

Output Load 1 TTL Gate and Cl = 100 pF (Note 9) 

Input Rise and Fall Times ^ 20 ns 

Input Pulse Levels 0.45V to 2.4V 


Timing Measurement Reference Level 
Inputs 1Vand2V 

Outputs 0.8V and 2V 


AC Waveforms 


ADDRESSES 

VALID 






Note 1: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is stress rating oniy and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not impiied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

Note 2: Typical values are for Ta = +25'C and nominal supply voltages. 

Note 3: This parameter Is only sampled and Is not 1 00% tested. 

Note 4: OE may be delayed up to tAcc~toE affsr the falling edge of CE without inpacting Iacc- 
Note 5: The tpp compare level is determined as follows: 

High to TRI-STATE, the measured Vqhi (DC) -0.10V 
Low to TRI-STATE, the measured Vqli (DC) -I- 0.10V 
Note 6: TRI-STATE may be attained using OE or CE. 

Note 7: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 p.F ceramic capacitor be used on 
every device between Vcc and GND. 

Note 8: The outputs must be restricted to Vcc + 0-3V to avoid latch-up and device damage. 

Note 9: 1 TTL Gate: Iql — 1.6 mA, Iqh — —400 jiA. 

Ci_: 100 pF includes fixture capacitance. 
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Programming Characteristics ta = +25*c ±5°c.\/cc = ev ±o.2svvpp = 12.2 - i3.3V(Notes2,3,&4) 


Symbol 

Parameter 

Conditions 

Mln 

Typ 

Max 

Units 

Us 

Address Set-Up Tirfe 


2 



flS 

tOES 

OE Set-Up Time 


2 



flS 

bs 

Data Set-Up Time 


2 



jaS 

tAH 

Address Hold Time 


0 



fJLS 

tOH 

Data Hold Time 


2 



JXS 

tVR 

Vpp Recovery Time 


2 



flS 

tOEH 

OE Hold Time 


2 



flS 

tov 

Data Valid From CE 

> 

II 

|UJ 

10 

11 

|m 

b 



1 

fxs 

tpRT 

OE Pulse Rise Time 
During Programming 


50 



ns 

tOF 

Output Enable to Output 
Float Delay 

CE = V|L 

0 


130 

ns 

tpw 

Program Pulse Width 


0.5 

0.5 

10 

ms 

Ipp 

Vpp Supply Current During 
Programming Pulse 

_i 

> 

II 

ILU 

b 



30 

mA 

icc 

Vcc Supply Current 




10 

mA 


AC Test Conditions 

Vcc 

Vpp 

Input Rise and Fall Times 
Input Pulse Levels 


6V ± 0.25V 
12.2 - 13.3V 
^20 ns 
0.45V to 2.4V 


Timing Measurement Reference Level 
Inputs 
Outputs 


IV and 2V 
0.8V and 2V 


Programming Waveforms (Note 3 ) 



Note: All times shown in parentheses are minimum and in ns unless otherwise specified. 


TL/D/8827-4 


Note 1: National’s standard product warranty applies oniy to devices programmed to specifications described herein. 

Note 2: Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The NMC27C32B must not be Inserted into or removed from 
a board with voitage applied to Vpp or Vcc- 

Note 3: The maximum allowable voltage which may be appiied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp supply to 
prevent overshoot exceeding this 14V maximum specification. At least a 0.1 fiF capacitor is required across Vpp, Vcc to GND to suppress spurious voitage 
transients which may damage the device. 

Note 4: Programming and program verify are tested at nominal power supply voltages. 
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NMC27C32B 


Interactive Programming Flow Chart 
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Functional Description 

DEVICE OPERATION 

The five modes of operation of the NMC27C32B are listed 
in Table 1. A single 5V power supply is required in the read 
mode. All inputs are TTL levels except for OE/Vpp during 
programming. In the program mode the OE/Vpp input is 
pulsed from a TTL low level to 1 3V. 

Read Mode 

The NMC27C32B has two control functions, both of which 
must be logically active in order to obtain data at the out- 
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. Assuming that addresses 
are s^le, address access time (tAcc) is equal to the delay 
from CE to output (tee)- Data is available at the outputs after 
the falling edge of OE, assuming that CE has been low and 
addresses have been stable for at least tAcc~tOE- 
The sense amps are clocked for fast acces time. Vcc 
should therefore the maintained at operating voltage during 
read and verify. If Vcc temporarily drops below the spec, 
voltage (but not to ground) an address transition must be 
performed after the drop to ensure proper output data. 

Standby Mode 

The NMC27C32B has a standby mode which reduces the 
active power dissipation by 99%, from 26.3 mW to 
0.53 mW. The NMC27C32B is placed in_tf^ standby mode 
by applying a CMOS high signal to the CE input. When in 
standby mode, the outputs are in a high impedance state, 
independent of the OE input. 

Output OR-TyIng 

Because EPROMs are usually used in larger memory ar- 
rays, National has provided a 2-line control function that 
accommodates this use of multiple memory connection. 
The 2-line control function allows for: 

a) The lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom- 
mended that CE (pin 18) be decoded and used as the pri- 
mary device selecting function, while OE (pin 20) be made a 


common connection to all devices in the array and connect- 
ed to the READ line from the system control bus. This as- 
sures that all deselected memory devices are in their low 
power standby modes and that the output pins are active 
only when data is desired from a particular memory device. 

Programming 

CAUTION: Exceeding 14V or pin 20 (Vpp) will damage the 
NMC27C32B. 

Initially, and after each erasure, all bits of the NMC27C32B 
are in the “1” state. Data is introduced by selectively pro- 
gramming "Os” into the desired bit locations. Although only 
“Os” will be programmed, both “Is” and “Os” can be pre- 
sented in the data word. The only way to change a ”0” to a 
“1” is by ultraviolet light erasure. 

The NMC27C32B is in the programming mode when 
OE/Vpp is at 13V. It is required that at least a 0.1 juF capac- 
itor be placed across OE/Vpp, Vcc and ground to suppress 
spurious voltage transients which may damage the device. 
The data to be programmed is applied 8 bits in parallel to 
the data output pins. The levels required for the address 
and data inputs are TTL. 

When the address and data are stable, an active low, TTL 
program pulse is applied to the CE input. A program pulse 
must be applied at each address location to be pro- 
grammed. Any location may be programmed at any time — 
either individually, sequentially, or at random. The 
NMC27C32B is designed to be programmed in either of two 
ways: single pulse programming, where each address is 
programmed with a 10 ms pulse; or interactive program- 
ming, where each address is programmed with a series of 
0.5 ms pulses until it verifies (up to a maximum of 20 pulses 
or 10 ms). Only the interactive programming method has 
been tested. The NMC27C32Bjriust not be programmed 
with a DC signal applied to the CE input. 

Programming multiple NMC27C32Bs in parallel with the 
same data can be easily accomplished due to the simplicity 
of the programming requirements. Like inputs of the paral- 
leled NMC27C32B may be connected together when they 
are programmed with the same data. A low level TTL pulse 
applied to the CE input programs the paralleled 
NMC27C32B. 


TABLE I. Mode Selection 


Pins 

CE 

OE/Vpp 

Vcc 

Outputs 

Mode 

(18) 

(20) 

(24) 

(9-11,13-17) 

Read 

V|L 

V|L 

5 

DouT 

Standby 

V|H 

Don’t Care 

5 

Hi-Z 

Program 

V|L 

13 

6 

D|N 

Program Verify 

V|L 

V|L 

6 

DoUT 

Program Inhibit 

V|H 

13 

6 

Hi-Z 
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Functional Description (Continued) 

Program Inhibit 

Programming multiple NMC27C32B in parallel_wth different 
data is also easily accomplished. Except for CE all like in- 
puts (inciuding OE) of the parailel NMC27C32B may be 
common. A TTL low level program pulse applied to an 
NMC27C32B’s CE input with OE/Vpp ^13.0V will program 
that NMC27C32B. A TTL high level CE input inhibits the 
other NMC27C32B from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify is accomplished with OE/Vpp and Cl at_V|L. Data 
should be verified tov after the falling edge of CE. 

MANUFACTURER’S IDENTIFICATION CODE 

The NMC27C32B has a manufacturer's identification code 
to aid in programming. The code, shown in Table II, is two 
bytes wide and is stored in a ROM configuration on the chip. 
It identifies the manufacturer and the device type. The code 
for the NMC27C32B is, “8F61 ”, where “8F” designates that 
it is made by National Semiconductor, and “61” designates 
a 32k part. 

The code is accessed by applying 12V ±0.5V to address 
pin A9. Addresses A1-A8, A10-A11, CE, and OE are held 
at V|L- Address AO is held at V|l for the manufacturer’s 
code, and at Vm for the device code. The code is read out 
on the 8 data pins. Proper code access is only guaranteed 
at25“C ±5°C. 

The primary purpose of the manufacturer’s identification 
code is automatic programming control. When the device is 
inserted in an EPROM programmer socket, the programmer 
reads the code and then automatically calls up the specific 
programming algorithm for the part. This automatic pro- 
gramming control is only possible with programmers which 
have the capability of reading the code. 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27C32B are such 
that erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000A-4000A 
range. Data shows that constant exposure to room-level flu- 
orescent lighting could erase the typical NMC27C32B in ap- 
proximately 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. If 


the NMC27C32B is to be exposed to these types of lighting 
conditions for extended periods of time, opaque labels 
should be placed over the NMC27C32B’s window to pre- 
vent unintentional erasure. Covering the window will also 
prevent temporary functional failure due to the generation of 
photo currents. 

The recommended erasure procedure for the NMC27C32B 
is exposure to short wave ultraviolet light which has a wave- 
length of 2537 Angstroms (A). The integrated dose (i.e., UV 
intensity x exposure time) for erasure should be a minimum 
of 15W-sec/cm2. 

The NMC27C32B should be placed within 1 inch of the 
lamp tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. Table III 
shows the minimum NMC27C32B erasure time for various 
light intensities. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance. (If 
distance is doubled the erasure time increases by a factor of 
4.) Lamps lose intensity as they age. When a lamp is 
changed, the distance has changed or the lamp has aged, 
the system should be checked to make certain fuil erasure 
is occurring. Incomplete erasure will cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when in- 
complete erasure was the problem. 

SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current. Ice. 
has three segments that are of interest to the system de- 
signer — ^the standby current level, the active current level, 
and the transient current peaks that are produced by volt- 
age transitions on input pins. The magnitude of these tran- 
sient current peaks is dependent on the output capacitance 
loading of the device. The associated Vcc transient voltage 
peaks can be suppressed by properly selected decoupling 
capacitors. It is recommended that at least a 0.1 )j,F ceramic 
capacitor be used on every device between Vcc and GND. 
This should be a high frequency capacitor of low inherent 
inductance. In addition, at ieast a 4.7 ju,F buik electrolytic 
capacitor should be used between Vcc and GND for each 
eight devices. The bulk capacitor shouid be located near 
where the power supply is connected to the array. The pur- 
pose of the bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of the PC board traces. 


TABLE II. Manufacturer’s Identification Code 


Pins 

Ao 

O 7 

06 

O 5 

O 4 

O 3 

O 2 

01 

Oo 

Hex 

(8) 

( 17 ) 

( 16 ) 

( 15 ) 

( 14 ) 

( 13 ) 

( 11 ) 

( 10 ) 

(9) 

Data 

Manufacturer Code 

V|L 

1 

0 

0 

0 

1 

1 

1 

1 

8F 

Device Code 

V|H 

0 

1 

1 

0 

0 

0 

0 

1 

61 



15.000 

10.000 
5,000 
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National PRELIMINARY 

Semiconductor 
Corporation 

NMC27C64 

65,536-Bit (8k x 8) UV Erasable CMOS PROM 

General Description Features 

The NMC27C64 is a high-speed 64k UV erasable and elec- ■ Clocked sense amps for fast access time down to 
trically reprogrammable CMOS EPROM, ideally suited for 150 ns 
applications where fast turnaround, pattern experimentation ■ Low CMOS power consumption 
and low power consumption are important requirements. — Active Power: 55 mW max 

The NMC27C64 is designed to operate with a single +5V Standby Power: 0.55 mW max 

power supply with ±5% or ±10% tolerance. The CMOS ■ Performance compatible to NSCSOOtm CMOS micro- 

design allows the part to operate over Extended and Military processor 
Temperature Ranges. ■ Single 5V power supply 

The NMC27C64 is packaged in a 28-pin dual-in-line pack- ■ Extended temperature range (NMC27C64QE), -40°C 

age with transparent lid. The transparent lid allows the user to 85°C, and military temperature range 

to expose the chip to ultraviolet light to erase the bit pattern. (NMC27C64QM), — 55°C to 125°C, available 

A new pattern can then be written electrically into the device ■ Pin compatible with NMOS 64k EPROMS 

by following the programming procedure. ■ Fast and reliable programming 

This EPROM is fabricated with National’s proprietary, time ■ Static operation— no clocks required 

proven microCMOS double-poly silicon gate technology ■ TTL, CMOS compatible inputs/outputs 

which combines high performance and high density with low g TRI-STATE® output 

power consumption and excellent reliability. 

Block Diagram 






Pin Names 


A0-A12 

Addresses 

CE 

Chip Enable 

OE 

Output Enable 

O 0 -O 7 

Outputs 

PGM 

Program 

NO 

No Connect 
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Connection Diagram 


27C512 

27512 

27C256 

27256 

27C128 

27128 

27C32 

2732 

27C16 

2716 

Dual-ln-Line Package 

27C16 

2716 

27C32 

2732 

27C128 

27128 

27C256 

27256 

27C512 

27512 

A15 

Vpp 

Vpp 



Vpp — 

1 

28 

— Vcc 



Vcc 

Vcc 

Vcc 

A12 

A12 

A12 



A12 — 

2 

27 

— PGM 



PGM 

A14 

A14 

A7 

A7 

A7 

A7 

A7 

A7 — 

3 

26 

— NC 

Vcc 

Vcc 

A13 

A13 

A13 

A6 

A6 

A6 

A6 

A6 

A6 — 

4 

25 

— A8 

A8 

A8 

A8 

A8 

A8 

A5 

A5 

A5 

A5 

A5 

AS — 

5 

24 

— A9 

A9 

A9 

A9 

A9 

A9 

A4 

A4 

A4 

A4 

A4 

A4 — 

6 

23 

— All 

Vpp 

All 

All 

All 

All 

A3 

A3 

A3 

A3 

A3 

A3 — 

7 

22 

— OE 

OE 

OE/Vpp 

OE 

OE 

OE/Vpp 

A2 

A2 

A2 

A2 

A2 

A2 — 

8 

21 

— A10 

A10 

A10 

A10 

A10 

A10 

A1 

A1 

A1 

A1 

A1 

A1 — 

9 

20 

— CE 

CE/PGM 

CE 

CE 

CE/PGM 

CE 

AO 

AO 

AO 

AO 

AO 

AO — 

10 

19 

— O 7 

O 7 

O 7 

O 7 

O 7 

O 7 

Oo 

Oo 

Oo 

Oo 

Oo 

Oo — 

11 

18 

— Oo 

06 

06 

06 

06 

06 

Oi 

Oi 

Oi 

Oi 

Oi 

Oi — 

12 

17 

— O 5 

O 5 

O 5 

O 5 

O 5 

O 5 

02 

02 

02 

02 

02 

02 — 

13 

16 

— O 4 

O 4 

O 4 

O 4 

O 4 

O 4 

GND 

GND 

GND 

GND 

GND 

GND — 

14 

15 

— O 3 

O 3 

O 3 

O 3 

O 3 

O 3 
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Note: National’s socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C64 pins. 

Order Number NMC27C64Q 
See NS Package Number J28A-Q 


Commercial Temp Range (0°C to + 70°C) 


Vcc = 5V ±5% 


Parameter/Order Number 

Access Time (ns) 

NMC27C64Q15 

150 


Vcc = 5V +10% 


Parameter/Order Number 

Access Time (ns) 

NMC27C64Q150 

150 

NMC27C64Q200 

200 

NMC27C64Q250 

250 

NMC27C64Q300 

300 


Extended Temp Range 
(-40°Cto +85°C) 

Vcc = 5V ±10% 


Parameter/Order Number 

Access Time (ns) 

NMC27C64QE200 

200 


Military Temp Range 
(-SS’Cto +125°C) 

Vcc = 5V ±10% 


Parameter/Order Number 

Access Time (ns) 

NMC27C64QM200 

1 200 

NMC27C64QM250 

1 250 
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Absolute Maximum Ratings (Notei) 

Specifications for Miiitary/ Aerospace products are not 
contained in this datasheet. Refer to the associated 
reiiabiiity eiectricai test specifications document. 

Temperature Under Bias - 1 0°C to + 80°C 

Storage Temperature -65°Cto +125°C 

All Input Voltages with 

Respect to Ground +6.5V to -0.6V 

All Output Voltages with 

Respect to Ground Vcc + 0.3V to GND- 0.6V 

Vpp Supply Voltage with Respect 
to Ground During Programming + 1 4.0V to - 0.6V 


Power Dissipation 1.0W 

Lead T emp. (Soldering, 1 0 sec.) 300°C 

Operating Conditions (Note?) 

Temperature Range 

NMC27C64Q1 5, Q1 50, 200, 250, 300 0°C to + 70°C 

NMC27C64QE200 - 40°C to + 85°C 

NMC27C64QM200, M250 - 55°C to + 1 25°C 

Vcc Power Supply + 5V ±10% 

except NMC27C64Q1 5 + 5V ± 5% 


READ OPERATION 
DC Operating Characteristics 


Symbol 

Parameter 

Ili 

Input Load Current 

Ilo 

Output Leakage Current 

Icci 

Vcc Current (Active) 

(Note 10) 

TTL Inputs 

ICC2 

Vcc Current (Active) 

(Note 10) 

CMOS Inputs 

ICCSBI 

Vcc Current (Standby) 
TTL Inputs 

ICCSB2 

Vcc Current (Standby) 
CMOS Inputs 

V|L 

Input Low Voltage 

V|H 

Input High Voltage 

VOLI 

Output Low Voltage 

VOHI 

Output High Voltage 

V0L2 

Output Low Voltage 

VOH2 

Output High Voltage 


Conditions 


V|N ~ Vcc or GND 


CE = V|L, f = 5 MHz 
Inputs = 2.4V or 0.45V, 
I/O = 0 mA 


CE = GND, f = 5 MHz 
Inputs = Vcc or GND, 
I/O = 0 mA 


CE = V|H 


CE = Vcc 


Iql = 2.1 mA 


Iqh — ~400 p,A 


Iql = 0 jxA 


Iqh = 0 hA 



Vcc ~0.1 


AC Electrical Characteristics 


Conditions 


Symbol 

Parameter 

tACC 

Address to Output 
Delay 

tCE 

CE to Output Delay 

tOE 

OE to Output Delay 

tOF 

OE High to Output 
Float 

tOH 

Output Hold from 
Addresses, CE or 
OE, Whichever 
Occurred First 


NMC27C64 
15, 150 
E150 


NMC27C64 
200, E200 
M200 


NMC27C64 

250 

M250 


PGM = V|H 


PGM 

= V|H 

CE = 

V|L 

PGM 

= V|H 

CE = 

V|L 

PGM 

= V,H 

CE = 

> 

II 

|UJ 

lo 

PGM 

= V|H 
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Capacitance ta = + 25 °c,f = i mhz (Notes) 


Symbol 

Parameter 

Conditions 

Typ 

Max 

Units 

C|N 

Input Capacitance 

> 

o 

II 

z 

> 

4 

6 

pF 

COUT 

Output Capacitance 

Vqut = ov 

6 

12 

pF 


AC Test Conditions 

Output Load 1 TTL Gate and Cl = 

100 pF (Note 9) 

Timing Measurement Reference Level 


Input Rise and Fall Times 

^20 ns 

Inputs 

IV and 2V 

Input Pulse Levels 

0.45V to 2.4V 

Outputs 

0.8V and 2V 


AC Waveforms 



' - TL/D/8634-3 

Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

Note 2: Typical values are tor Ta = +25°C and nominal supply voltages. 

Note 3: This parameter is only sampled and is not 100% tested. 

Note 4: OE may be delayed up to tAcc-tOE aft^r the falling edge of CE without impacting tAcc- 
Note 5: The tpp compare level is determined as toilows: 

High to TRI-STATE, the measured VoHi (DC) -0.10V 
Low to TRI-STATE, the measured Vqli (DC) +0.10V 
Note 6: TRI-STATE may be attained using SE or CE. 

Note 7: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 pF ceramic capacitor be used on 
every device between Vcc and GND. 

Note 8: The outputs must be restricted to Vcc +0-3V to avoid latch-up and device damage. 

Note 9: 1 TTL Gate: Iql =1.6 mA, Iqh = —400 pA. 

CL: 100 pF includes fixture capacitance. 

Note 10: Vpp may be connected to Vcc except during programming. 
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Programming Characteristics ta = +25*c ±5“c,vcc = ev ±o. 2 svvpp = i2.2-i3.3V(Notes2,3,&4) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Us 

Address Set-Up Time 


2 



JU.S 

tOES 

OE Set-Up Time 


2 



JU.S 

tCES 

CE Set-Up Time 


2 



fJiS 

tos 

Data Set-Up Time 


2 



(XS 

Uh 

Address Hold Time 


0 



JUS 

tOH 

Data Hold Time 


2 



JLlS 

toF 

Output Enable to Output Float Delay 

_i 

> 

II 

|IU 

b 

0 


130 

ns 

tOE 

Output Enable to Output Delay 

-4 

> 

II 

|IU 

b 



150 

ns 

tpw 

Program Pulse Width 


0.5 

0.5 

10 

ms 

Ipp 

Vpp Supply Current During 
Programming Pulse 

—1 

> 

II 

|UJ 

b 



30 

mA 

icc 

Vcc Supply Current 




10 

mA 


Timing Measurement Reference Level 
Inputs 1Vand2V 

Outputs 0.8V and 2V 


Programming Waveforms (Note 3) 


AC Test Conditions 

Vcc 

Vpp 

Input Rise and Fall Times 
Input Pulse Levels 


6V ± 0.25V 
12.2 -13.3V 
^20 ns 
0.45V to 2.4V 



TL/D/8634-4 

Note: All times shown In parentheses are minimum and in fis unless otherwise specified. 

The input timing reference level is IV for a V|l and 2V for a V|h- 

toE and top are characteristics of the device but must be accommodated by the programmer. 


Note 1: National’s standard product warranty applies only to devices programmed to specifications described herein. 

Note 2: Vcc trtust be applied simuitaneously or before Vpp and removed simultaneously or after Vpp. The NMC27C64 must not be Inserted into or removed from a 
board with voltage applied to Vpp or Vcc- 

Note 3: The maximum allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp supply to 
prevent overshoot exceeding this 14V maximum specification. At least a 0.1 jiF capacitor is required across Vpp, Vcc GND to suppress spurious voltage 
transients which may damage the device. 

Note 4: Programming and program verify are tested at nominal power supply voltages. 
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Functional Description 

DEVICE OPERATION 

The five modes of operation of the NMC27C64 are iisted in 
Table I. It should be noted that all inputs for the five modes 
are at TTL levels. The power supplies required are Vcc and 
Vpp. The Vpp power supply must be at 13.0V during the 
three programming modes, and must be at 5V in the other 
two modes. The Vcc power supply must be at 6V during the 
three programming modes, and at 5V in the other two 
modes. 

Read Mode 

The NMC27C64 has two control functions, both of which 
must be logically active in order to obtain data at the out- 
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
i ndepe ndent of device selection. The programming pin 
(PGM) should be at V|h except during programming. Assum- 
ing that addresses are stable, address access time (tAcc) >s 
equal to the delay from CE to output (tcE)- Data is available 
at the outputs toE after the falling edge of OE, assuming 
that CE has been low and addresses have been stable for 
at least tAcc-tOE- 

The sense amps are clocked for fast access time. Vcc 
should therefore be maintained at operating voltage during 
read and verify. If Vcc temporarily drops below the spec, 
voltage (but not to ground) an address transition must be 
performed after the drop to insure proper output data. 

Standby Mode 

The NMC27C64 has a standby mode which reduces the 
active power dissipation by 99%, from 55 mW to 0.55 mW. 
The NMC27C64 is placed in the standby mode by applying 
a CMOS high signal to the CE input. When in standby mode, 
the outputs are in a high impedance state, independent of 
the OE input. 

Output OR-Tying 

Because NMC27C64s are usually used in larger memory 
arrays. National has provided a 2-line control function that 
accommodates this use of multiple memory connections. 
The 2-line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most effici^tly use these two control lines, it is recom- 
mended that CE (pin 20) be decoded and used as the pri- 


mary device selecting function, while OE (pin 22) be made a 
common connection to all devices in the array and connect- 
ed to the READ line from the system control bus. This as 
sures that all deselected memory devices are in their low 
power standby modes and that the output pins are active 
only when data is desired from a particular memory device. 


Initially, and after each erasure, all bits of the NMC27C64 
are in the “1" state. Data is introduced by selectively pro- 
gramming “Os” into the desired bit locations. Although only 
“Os” will be programmed, both “Is” and “Os” can be pre- 
sented in the data word. The only way to change a “0” to a 
“1” is by ultraviolet light erasure. 

The NMC27C64 is in the programming mode when the Vpp 
power supply is at 13.0V and OE is at V|h. It is required that 
at least a 0.1 ju.F capacitor be placed across Vpp, Vcc to 
ground to suppress spurious voltage transients which may 
damage the device. The data to be programmed is applied 8 
bits in parallel to the data output pins. The levels required 
for the address and data inputs are TTL. 

For programming, CE should be kept TTL low at all times 
while Vpp is kept at 13.0V 

When the address and data ar e sta ble, an active low, TTL 
program pulse is applied to the PGM input. A program pulse 
must be applied at each address location to be pro- 
grammed. Any location may be programed at any time — 
either individually, sequentially, or at random. The 
NMC27C64 is designed to be programmed in either of two 
ways: single pulse programming, where each address is 
programmed with a 10 ms pulse; or interactive program- 
ming, where each address is programmed with a series of 
0.5 ms pulses until it verifies (up to a maximum of 20 pulses 
or 10 ms). Only the Interactive programming method has 
been tested. The NMC27C 64 mu st not be programmed with 
a DC signal applied to the PGM input. 

Programming multiple NMC27C64s in parallel with the same 
data can be easily accomplished due to the simplicity of the 
programming requirements. Like inputs of the paralleled 
NMC27C64S may be connected together when they are 
programmed with the s ame data. A low level TTL pulse ap- 
plied to the PGM input programs the paralleled 
NMC27C64S. 


Programming 

CAUTION: Exceeding 14V on pin 1 (Vpp) wili damage the 
NMC27C64. 


TABLE I. Mode Selection 


Pins 

Mode 

CE 

(20) 

OE 

(22) 

PGM 

(27) 

Vpp 

(1) 

Vcc 

(28) 

Outputs 
(11-13, 15-19) 

Read 

V|L 

V|L 

V|H 

5 

5 

Dout 

Standby 

V|H 

X 

X 

5 

5 

Hi-Z 

Program 

V|L 

V|H 

Pulsed V|H to V|L 

13.0 

6 

D|N 

Program Verify 

V|L 

V|L 

V|H 

13.0 

6 

Dout 

Program Inhibit 

V|H 

X 

X 

13.0 

6 

Hi-Z 


X can be either V|i_ or V|h 
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Functional Description (Continued) 

Program Inhibit 

Programming multiple NMC27C64s in parallel^th different 
data is also easily accomplished. Except for CE all like in- 
puts (including OE) of the parallel NMC27C64 may be com- 
mon. A TTL low level program pulse applied to an 
NMC27C64’s CE input with Vpp _at 13.0V will program that 
NMC27C64. A TTL high level CE input inhibits the other 
NMC27C64 from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with Vpp at 13.0V. Except during 
programming and program verify, Vpp must be at Vcc- 

MANUFACTURER’S IDENTIFICATION CODE 

The NMC27C64 has a manufacturer's identification code to 
aid in programming. The code, shown in Table II, is two 
bytes wide and is stored in a ROM configuration on the chip. 
It identifies the manufacturer and the device type. The code 
for the NMC27C64 is “8FC2”, where "8F" designates that it 
is made by National Semiconductor, and “C2" designates a 
64k part. 

The code is accessed by applying 12V ± 0.5V to address 
pin A9. Addresses A1-A8, A10-A12, CE, and OE are held 
at V|L. Address AO is held at V|l for the manufacturer’s 
code, and at Vm for the device code. The code is read out 
on the 8 data pins. Proper code access is only guaranteed 
at 25°C ± 5°C. 

The primary purpose of the manufacturer’s identification 
code is automatic programming control. When the device is 
inserted in a EPROM programmer socket, the programmer 
reads the code and then automatically calls up the specific 
programming algorithm for the part. This automatic pro- 
gramming control is only possible with programmers which 
have the capability of reading the code. 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27C64 are such that 
erasure begins to occur when exposed to light with wave- 
lengths shorter than approximately 4000 Angstroms (A). It 
should be noted that sunlight and certain types of fluores- 
cent lamps have wavelengths in the 3000A-4000A range. 
Data shows that constant exposure to room-level fluores- 
cent lighting could erase the typical NMC27C64 in approxi- 
mately 3 years, while it wouid take approximately 1 week to 


cause erasure when exposed to direct sunlight. If the 
NMC27C64 is to be exposed to these types of lighting con- 
ditions for extended periods of time, opaque lables should 
be placed over the NMC27C64’s window to prevent unin- 
tentional erasure. Covering the window will also prevent 
temporary functional failure due to the generation of photo 
currents. 

The recommended erasure procedure for the NMC27C64 is 
exposure to short wave ultraviolet light which has a wave- 
length of 2537 Angstroms (A). The integrated dose (i.e., UV 
intensity x exposure time) for erasure should be a minimum 
of 15W-sec/cm2. 

The NMC27C64 should be placed within 1 inch of the lamp 
tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. Table III 
shows the minimum NMC27C64 erasure time for various 
light intensities. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance, (if 
distance is doubled the erasure time increases by a factor of 
4.) Lamps lose intensity as they age. When a lamp is 
changed, the distance has changed or the lamp has aged, 
the system should be checked to make certain full erasure 
is occurring. Incomplete erasure will cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when in- 
complete erasure was the problem. 

SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current, Ice. 
has three segments that are of interest to the system de- 
signer— the standby current level, the active current level, 
and the transient current peaks that are produced by volt- 
age transitions on input pins. The magnitude of these tran- 
sient current peaks is dependent on the output capacitance 
loading of the device. The associated Vcc transient voltage 
peaks can be suppressed by properly selected decoupling 
capacitors. It is recommended that at least a 0.1 ju.F ceramic 
capacitor be used on every device between Vcc and GND. 
This should be a high frequency capacitor of low inherent 
inductance. In addition, at least a 4.7 juF bulk electrolytic 
capacitor should be used between Vcc and GND for each 
eight devices. The buik capacitor should be located near 
where the power supply is connected to the array. The pur- 
pose of the buik capacitor is to overcome the voltage drop 
caused by the inductive effects of the PC board traces. 


TABLE II. Manufacturer’s Identification Code 


Pins 

Ao 

O 7 

Os 

05 

04 

03 

02 

0i 

Oo 

Hex 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(11) 

Data 

Manufacturer Code 

V|L 

1 

0 

0 

0 

1 

1 

1 

1 

8F 

Device Code 

V|H 

1 

1 

0 

0 

0 

0 

1 

0 

C2 


TABLE III. Minimum NMC27C64 Erasure Time 


Light Intensity 

Erasure Time 

(Mlcro-Watts/cm2) 

(Minutes) 

15,000 

20 

10,000 

25 

5,000 

50 
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microCMOS 


NMC27CP128 

131,072-Bit (16k x 8) UV Erasable CMOS PROM 


General Description 

The NMC27CP128 is a high-speed 128k UV erasable and 
electrically reprogrammable CMOS EPROM, ideally suited 
for applications where fast turnaround, pattern experimenta- 
tion and low power consumption are important require- 
ments. 

The NMC27CP128 is designed to operate with a single 
+ 5V power supply with ±10% tolerance. 

The NMC27CP128 is packaged in a 28-pin dual-in-line 
package with transparent lid. The transparent lid allows the 
user to expose the chip to ultraviolet light to erase the bit 
pattern. A new pattern can then be written electrically into 
the device by following the programming procedure. 

This EPROM is fabricated with National’s proprietary, time 
proven microCMOS double-poly silicon gate technology 
which combines high performance and high density with low 
power consumption and excellent reliability. 


Features 

■ Clocked sense amps for fast access time down 
to 200 ns 

■ Low CMOS power consumption 
— Active Power; 55 mW max 

— Standby Power: 0.55 mW max 

■ Performance compatible to NSC8OO™ CMOS 
microprocessor 

■ Single 5V power supply 

■ Fast and reliable programming 

■ Static operation — no clocks required 

■ TTL, CMOS compatible inputs/outputs 

■ TRI-STATE® output 


Block Diagram 


Vcc 


DATA OUTPUTS O0-O7 



PIri Names 


A0-A13 

Addresses 

CE 

Chip Enable 

OE 

Output Enable 

O0-O7 

Outputs 

PGM 

Program 

NC 

No Connect 

AR 

Block Select 
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Connection Diagram 


27C512 

27C256 

27C64 

27C32 

27C16 





27C16 

27C32 

27C64 

27C256 

27C512 

27512 

27256 

2764 

2732 

2716 

Dual-ln-Llne Package 

2716 

2732 

2764 

27256 

27512 











A15 

Vpp 

Vpp 



Vpp — 

1 

28 

— Vcc 



Vcc 

Vcc 

Vcc 

A12 

A12 

A12 



A12 — 

2 

27 

— AR* 



PGM 

A14 

A14 

A7 

A7 

A7 

A7 

A7 

A7 — 

3 

26 

— A13 

Vcc 

Vcc 

NC 

A13 

A13 

A6 

A6 

A6 

A6 

A6 

A6 — 

4 

25 

— A8 

A8 

A8 

A8 

A8 

A8 

A5 

A5 

A5 

A5 

A5 

AS — 

5 

24 

— A9 

A9 

A9 

A9 

A9 

A9 

A4 

A4 

A4 

A4 

A4 

A4 — 

6 

23 

— All 

Vpp 

All 

All 

A11 

All 

A3 

A3 

A3 

A3 

A3 

A3 — 

7 

22 

— OE 

OE 

OE/Vpp 

OE 

OE 

OE/Vpp 

A2 

A2 

A2 

A2 

A2 

A2 — 

8 

21 

— A10 

A10 

A10 

A10 

A10 

A10 

A1 

A1 

A1 

A1 

A1 

A1 — 

9 

20 

— Ce/pEm 

CE/PGM 

CE 

CE 

CE/PGM 

CE 

AO 

AO 

AO 

AO 

AO 

AO — 

10 

19 

— 07 

O 7 

O 7 

O 7 

O 7 

O 7 

Oo 

Oo 

Oo 

Oo 

Oo 

Oo — 

11 

18 

— Oo 

06 

06 

06 

06 

06 

Oi 

Oi 

Oi 

Oi 

Oi 

Oi — 

12 

17 

— Os 

O 5 

O 5 

O 5 

O 5 

O 5 

02 

02 

02 

02 

02 

02 — 

13 

16 

— 04 

O 4 

O 4 

O 4 

O 4 

O 4 

GND 

GND 

GND 

GND 

GND 

GND — 

14 

15 

— Os 

O 3 

O 3 

O 3 

O 3 

O 3 
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*AR held at Vm 

Note: National’s socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27CP1 28 pins. 


Order Number NMC27CP128Q 
See NS Package Number J28A-Q 


Commercial Temp Range (0°C to + 70“C) 


Vcc = 5V ±10% 


Parameter/Order Number 

Access Time (ns) 

NMC27CP1 280200 

200 

NMC27CP1 280250 

250 

NMC27CP1 280300 

300 
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Absolute Maximum Ratings (Note i) 

If Military /Aerospace specified devices are required, Vpp Supply Voltage with Respect 

contact the National Semiconductor Sales Office/ to Ground During Programming -M 4.0V to -0.6V 

Distributors for availability and specifications. Power Dissipation 1 .OW 

Temperature Under Bias — 10°Cto -l-80°C Lead Temperature (Soldering, 10 sec.) 300°C 

Storage Temperature -65°Cto -M25°C 

All Input Voltages with Operating Conditions (Note 7) 

Respect to Ground + 6.5V to - 0.6V Temperature Range 

All Output Voltages with NMC27CP128Q200, 250, 300 0°C to -l-70°C 

Respect to Ground Vcc + 0.3V to GND- 0.6V Vcc Power Supply -I-5V ±10% 

ESD rating is to be determined. 

READ OPERATION 
DC Operating Characteristics 

Symbol 

Parameter 

Conditions 

Min 

Typ (Note 2) 

Max 

Units 

Ili 

Input Load Current 

V|N — Vcc Of GND 



10 

/J.A 

Ilo 

Output Leakage Current 

Vqut = Vcc or GND, CE = Vm 



10 

juA 

Ipp 

Vpp Current 

o 

o 

> 

II 

a. 

a. 

> 



10 

jaA 

lcci 

(Note 10) 

Vcc Current (Active) 
TTL Inputs 

CE/PGM = V|L, f = 5 MHz 
Inputs = V|H or V|L 
I/O = 0 mA 


5 

20 

mA 

Icc 2 

(Note 10) 

Vcc Current (Active) 
CMOS inputs 

CE/PGM = GND, f = 5 MHz 
Inputs = Vcc or GND, 

I/O = 0 mA 


3 

10 

mA 

IccSBt 

Vcc Current (Standby) 
TTL Inputs 

CE/PGM = V|H 


0.1 

1 

mA 

ICCSB2 

Vcc Current (Standby) 
CMOS Inputs 

CE/PGM = Vcc 


0.5 

100 

;xA 

V|L 

Input Low Voltage 


-0.1 


0.8 

V 

V|H 

Input High Voltage 


2.0 


Vcc+1 

V 

V0L1 

Output Low Voltage 

Iql = 2.1 mA 



0.45 

V 

VoH1 

Output High Voltage 

loH = -400 fxA 

2.4 



V 

V0L2 

Output Low Voltage 

Iql = 0 )liA 



0.1 

V 

V0H2 

Output High Voltage 

Iqh = OfiA 

< 

o 

o 

I 

p 



V 

AC Eiectricai Characteristics 

Symbol 

Parameter 

Conditions 

NMC27CP128 

200 

NMC27CP128 

250 

NMC27CP128 

300 

Units 

Min 

Max 

Min 

Max 

Min 

Max 


Ucc 

Address to Output Delay 

CE/PGM = OE = V|L 


200 


250 


300 

ns 

tCE 

CE/PGM to Output Delay 

> 

II 


200 


250 


300 

ns 

tOE 

OE to Output Delay 

CE/PGM = V|L 


60 


70 


150 

ns 

tOF 

OE High to Output Float 

CE/PGM = V|L 

0 

60 

0 

60 

0 

130 

ns 

tOH 

Output Hold from 
Addresses, CE/PGM or 
OE, Whichever Occurred 
First 

CE/PGM = OE = V|l 

0 

1 

0 

1 

■ 

■ 

ns 
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Capacil 

ance Ta = +25°C, t = 1 MHz (Note 3) 

Symbol 

Parameter 

Conditions 

Typ 

Max 

Units 

C|N 

Input Capacitance 

< 

z 

II 

o 

< 

4 

6 

pF 

COUT 

Output Capacitance 

Vqut = OV 

8 

12 

pF 


AC Test Conditions 

Output Load 1 TTL Gate and Cl = 

100 pF(Note9) 

Timing Measurement Reference Level 


Input Rise and Fall Times 

^20 ns 

Inputs 

IV and 2V 

Input Pulse Levels 

0.45V to 2.4V 

Outputs 

0.8V and 2V 


AC Waveforms 


ADDRESSES X 

iNDTEIU /A 

ADDRESSES 

u valid 


■ 


i — 


bh 





tDF (NOTE 5) - 




VALID OUTPUT 

tOH 
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Note 1: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operationai sections of this specification is not implied. Exposure to absolute 
maximum rating conditions tor extended periods may affect device reliability. 

Note 2: Typical values are for Ta = +25”C and nominal supply voltages. 

Note 3: This parameter is only sampled and is not 100% tested. 

Note 4: OE may be delayed tAcc-*OE affs'' the falling edge of CE/PGM without impacting tAcc- 
Note 5: The tpp compare level is determined as follows: 

High to TRI-STATE, the measured Vom (DC) -0.10V 
Low to TRI-STATE, the measured Vqli (DC) -I- 0.10V 
Note 6: TRI-STATE may be attained using OE or CE/PGM. 

Note 7: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at ieast a 0.1 p.F ceramic capacitor be used on 
every device between Vcc and GND. 

Note 8: The outputs must be restricted to Vcc +0.3V to avoid latch-up and device damage. 

Note 9: 1 TTL Gate: Iql — 1.6 mA, ioH — —400 ft A. 

CL: 100 pF includes fixture capacitance. 

Note 10: Vpp may be connected to Vcc except during programming. 

Note 11: AR held at V|h. 
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Programming Characteristics 

Ta = +25'C ±5°C, Vcc = 6V ± 0.25V, Vpp = 12.2V to 13.3V (Notes 2, 3, & 4) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

*AS 

Address Set-Up Time 


2 



p.S 

tOES 

OE Set-Up Time 


2 



JXS 

Ids 

Data Set-Up Time 


2 



/iS 

tAH 

Address Hold Time 


0 



JJ.S 

tOH 

Data Hold Time 


2 



JU.S 

tOF 

Output Enable to Output Float Delay 

CE/PGM = ViL 

0 


130 

ns 

tOE 

Output Enable to Output Delay 

CE/PGM = V|L 



150 

ns 

tpw 

Program Pulse Width 


0.5 

0.5 

10 

ms 

Ipp 

Vpp Supply Current During 
Programming Pulse 

CE/PGM = V|L 



30 

mA 

Icc 

Vcc Supply Current 




10 

mA 


AC Test Conditions 



Vcc 

6V ± 0.25V 

Timing Measurement Reference Level 

Vpp 

12.2V to 13.3V 

Inputs 

Input Rise and Fall Times 

^20 ns 

Outputs 

Input Pulse Levels 

0.45V to 2.4V 



Programming Waveforms (Note 3) 



Note 1: National’s standard product warranty applies only to devices programmed to specifications described herein. 

Note 2: Vcc n^ust be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The NMC27CP1 28 must not be inserted into or removed from 
a board with voltage applied to Vpp or Vcc- 

Note 3: The maximum allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp supply to 
prevent overshoot exceeding this 14V maximum specification. At least a 0.1 pF capacitor is required across Vpp, Vcc to GND to suppress spurious voltage 
transients which may damage the device. 

Note 4: Programming and program verify are tested at nominal power supply voltages. 

Note 5: AR held at V|h. 
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NMC27CP128 


Interactive Programming Flow Chart 



TL/D/8805-5 
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Functional Description 

DEVICE OPERATION 

The five modes of operation of the NMC27CP128 are listed 
in Tabie I. it should be noted that all inputs for the five 
modes may be at TTL levels. The power supplies required 
are Vcc and Vpp. The Vpp power supply must be at 13.0V 
during the three programming modes, and must be at 5V in 
the other two modes. The Vcc power supply must be at 6V 
during the three programming modes, and at 5V in the other 
two modes. 

Read Mode 

The NMC27CP128 has two control functions, both of which 
must be logically active i n ord er to obtain data at the out- 
puts. Chip Enable (CE/PGM) Is the power control and 
should be used for device selection. Output Enable (OE) is 
the output control and should be used to gate data to the 
output pins, independent of device selection. Assuming that 
addresses are st able , addr ess access time (tAcc) is equal 
to the delay from CE/PGM to output (tcE). Data is available 
at t he outputs toE after the falling edge of OE, assuming 
that CE/PGM has been low and addresses have been sta- 
ble for at least tAcc-toE- 

The sense amps are clocked for fast access time. Vcc 
should therefore be maintained at operating voltage during 
read and verify. If Vcc temporarily drops below the spec, 
voltage (but not to ground) an address transition must be 
performed after the drop to insure proper output data. 

Standby Mode 

The NMC27CP128 has a standby mode which reduces the 
active power dissipation by 99%, from 55 mW to 0.55 mW. 
The NMC27CP128 is placed in th e standby mode by apply- 
ing a CMOS high signal to the CE/PGM input. When in 
standby mode, the ^puts are in a high impedance state, 
independent of the OE input. 

Output OR-Tylng 

Because NMC27CP128S are usually used in larger memory 
arrays. National has provided a 2-line control function that 
accommodates this use of multiple memory connections. 
The 2-line control function allows for; 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most effi cien t ly use these two control lines, it is recom- 
mended that CE/PGM (pin 20) be decoded and used as the 
primary device selecting function, while OE (pin 22) be 
made a common connection to all devices in the array and 
connected to the READ line from the system control bus. 


This assures that all deselected memory devices are in their 
low power standby modes and that the output pins are ac- 
tive only when data is desired from a particular memory de- 
vice. 

Programming 

CAUTION: Exceeding 14V on pin 1 (Vpp) will damage the 
NMC27CP128. 

Initially, and after each erasure, all bits of the NMC27CP128 
are in the “1” state. Data is introduced by selectively pro- 
gramming “Os” into the desired bit locations. Although only 
“Os” will be programmed, both “Is” and “Os” can be pre- 
sented in the data word. The only way to change a “0” to a 
“1 ” is by ultraviolet light erasure. 

The NMC27CP128 is in the programming mode when the 
Vpp power supply is at 13.0V and OE is at V|h. It is required 
that at least a 0.1 )j.F capacitor be placed across Vpp, Vcc 
to ground to suppress spurious voltage transients which 
may damage the device. The data to be programmed is 
applied 8 bits in parallel to the data output pins. The levels 
required for the address and data inputs may be TTL. 
When the address and data ar e stable, a n active low TTL 
program pulse is applied to the CE/PGM input. A program 
pulse must be applied at each address location to be pro- 
grammed. Any location may be programmed at any time — 
either individualiy, sequentially, or at random. The 
NMC27CP128 is designed to be programmed in either of 
two ways: single pulse programming, where each address is 
programmed with a 10 ms pulse; or interactive program- 
ming, where each address is programmed with a series of 
0.5 ms pulses until it verifies (up to a maximum of 20 pulses 
or 10 ms). In either case, since the NMC27CP128 employs 
the last 131,072 bits of a 262, 144 bit memory array, pro- 
gramming must bo started at address 16, 384 to provide 
correct data read. Only the interactive programming method 
has been tested. The NMC27CP128 mus t not be pro- 
grammed with a DC signal applied to the CE/PGM input. 
Programming multiple NMC27CP128s in parallel with the 
same data can be easily accomplished due to the simplicity 
of the programming requirements. Like inputs of the paral- 
leled NMC27CP128S may be connected together when they 
are programmed with the s ame data. A low level TTL pulse 
applied to the CE/PGM input programs the paralleled 
NMC27CP128S. 

The NMC27CP128 is a partial NMC27C256 and therefore is 
not program compatible with most 128K EPROMs. 

The Manufacturer’s Identification Code should not be used 
for programming control of the NMC27CP128. 


TABLE I. Mode Selection 


Pins 

Mode 

CE/PGM 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

Outputs 

(11-13,15-19) 

Read 

V|L 

V|L 

Vcc 

5 

DqUT 

Standby 

V|H 

Don’t Care 

Vcc 

5 

Hi-Z 

Program 

Pulsed V|H to V|L 

ViH 

13.0 

6 

D|N 

Program Verify 

ViH 

V|L 

13.0 

6 

DqUT 

Program Inhibit 

V|H 

V|H 

13.0 

5 

HI-Z 
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Functional Description (Continued) 

Program Inhibit 

Programming muitiple NMC27CP128s in paraii el w i th diff er- 
ent data is aiso easily accompiished. Except for CE/PGM alt 
like inputs (including OE ) of the pa rallel NMC27CP128 may 
be common. A low level CE/PG M input se lects the devices 
to be programmed. A high level CE/PGM input inhibits the 
other devices from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with Vpp at 13.0V. Except during 
programming and program verify, Vpp must be at Vcc- 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27CP128 are such 
that erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000A-4000A 
range. Data shows that constant exposure to room-level flu- 
orescent lighting could erase the typical NMC27CP128 in 
approximately 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. If 
the NMC27CP128 is to be exposed to these types of light- 
ing conditions for extended periods of time, opaque labels 
should be placed over the NMC27CP128’s window to pre- 
vent unintentional erasure. Covering the window will also 
prevent temporary functional failure due to the generation of 
photo currents. 

The recommended erasure procedure for the NMC27CP1 28 
is exposure to short wave ultraviolet light which has a wave- 
length of 2537 Angstroms (A). The integrated dose (i.e., UV 
intensity x exposure time) for erasure should be a minimum 
of 15W-sec/cm2. 


The NMC27CP128 should be placed within 1 inch of the 
lamp tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. Table II 
shows the minimum NMC27CP128 erasure time for various 
light intensities. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance. (If 
distance is doubled the erasure time increases by a factor of 
4.) Lamps lose intensity as they age. When a lamp is 
changed, the distance has changed or the lamp has aged, 
the system should be checked to make certain full erasure 
is occurring. Incomplete erasure will cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when in- 
complete erasure was the problem. 

SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current. Ice. 
has three segments that are of interest to the system de- 
signer — the standby current level, the active current level, 
and the transient current peaks that are produced by volt- 
age transitions on input pins. The magnitude of these tran- 
sient current peaks is dependent on the output capacitance 
loading of the device. The associated Vcc transient voltage 
peaks can be suppressed by properly selected decoupling 
capacitors. It is recommended that at least a 0.1 p,F ceramic 
capacitor be used on every device between Vcc and GND. 
This should be a high frequency capacitor of low inherent 
inductance. In addition, at least a 4.7 juF bulk electrolytic 
capacitor should be used between Vcc and GND for each 
eight devices. The bulk capacitor should be located near 
where the power supply is connected to the array. The pur- 
pose of the bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of the PC board traces. 


TABLE II. Minimum NMC27CP128 Erasure Time 


Light Intensity 

Erasure Time 

(Mlcro-Watts/cm2) 

(Minutes) 

15,000 

20 

10,000 

25 

5,000 

50 


1-36 



National PRELIMINARY 

Semiconductor 
Corporation 

NMC27C128C 131,072-Bit (16k x 8) 

UV Erasable CMOS PROM (Very High Speed Version) 

General Description 

The NMC27C128C are very high-speed 128k UV erasable 
and electrically reprogrammable CMOS EPROMs, ideally 
suited for applications where fast turnaround, pattern exper- 
imentation and low power consumption are important re- 
quirements. 

The NMC27C128C are designed to operate with a single 
+ 5V power supply with ±10% tolerance. 

The NMC27C128C are packaged in a 28-pin dual-in-line 
package with transparent lid. The transparent lid allows the 
user to expose the chip to ultraviolet light to erase the bit 
pattern. A new pattern can then be written electrically into 
the device by following the programming procedure. 

The EPROMs are fabricated with National’s proprietary, 
time proven microCMOS double-poly silicon gate technolo- 
gy which combines high performance and high density with 
low power consumption and excellent reliability. A two tran- 
sistor memory cell is used for speed enhancement. 

Block Diagram 

DATA OUTPUTS OfO, 

Vcc 0- * " > - 



Pin Names 


A0-A13 

Addresses 

CE 

Chip Enable 

OE 

Output Enable 

O 0 -O 7 

Outputs 

PGM 

Program 

NC 

No Connect 


TL7D/9185-1 


Features 

■ Access time down to 45 ns, two transistor memory cell 

■ Low CMOS power consumption 
—Active Power: 360 mW max 

■ Single 5V power supply 

■ Fast and reliable programming 

■ Static operation— no clocks required 

■ TTL, CMOS compatible inputs/outputs 

■ TRI-STATE® output 

■ Pin compatible with NMOS 128k EPROMs 
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NMC27C128C 


Connection Diagram 


27C512 

27512 

27C256 

27256 

27C64 

2764 

27C32 

2732 

27C16 

2716 

DuaNn-Llne Package 

27C16 

2716 

27C32 

2732 

27C64 

2764 

27C256 

27256 

27C512 

27512 

A15 

Vpp 

Vpp 



Vpf — 


2S 

— Vcc 



Vcc 

Vcc 

Vcc 

A12 

A12 

A12 



A12 — 


27 

— P&H 



PGM 

A14 

A14 

A7 

A7 

A7 

A7 

A7 

A7 ^ 


2S 

— A13 

Vcc 

Vcc 

NC 

A13 

A13 

A6 

A6 

A6 

A6 

A6 

AS — 


25 

— AS 

A8 

A8 

A8 

A8 

A8 

A5 

A5 

A5 

A5 

A5 

AS — 


24 

— AS 

A9 

A9 

A9 

A9 

A9 

A4 

A4 

A4 

A4 

A4 

A4 — 


23 

— All 

Vpp 

All 

All 

All 

All 

A3 

A3 

A3 

A3 

A3 

A3 — 


22 

— K 

OE 

OE/Vpp 

OE 

OE 

OE/Vpp 

A2 

A2 

A2 

A2 

A2 

A2 — 


21 

— AID 

A10 

A10 

A10 

A10 

A10 

A1 

A1 

A1 

A1 

A1 

A1 — 


20 

— n 

CE/PGM 

CE 

CE 

CE/PGM 

CE 

AO 

AO 

AO 

AO 

AO 

Al — 

10 

It 

— 07 

O7 

O7 

O7 

O7 

O7 

Oo 

Oo 

Oo 

Oo 

Oo 

Oi — 

11 

10 

— Ot 

Oe 

Oe 

Oe 

Oe 

Oe 

Oi 

Oi 

Oi 

Oi 

Oi 

Ot — 

12 

17 

— 0| 

O5 

O5 

O5 

O5 

O5 

02 

02 

02 

02 

02 

Oj — 

13 

15 

— Oi 

O4 

O4 

O4 

O4 

O4 

GND 

GND 

GND 

GND 

GND 

OND — 

14 

15 

— Os 

O3 

O3 

O3 

O3 

O3 
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Note: National's socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C1 28C pins. 

Order Number NMC27C128CJ 
See NS Package Number J28AQ 


Commercial Temp Range (0°C to +70°C) 


Vcc = 5V ±10% 


Parameter/Order Number 

Access Time (ns) 

NMC27C128BQ45 

45 

NMC27C128BQ55 

55 

NMC27C128BQ70 

70 
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Nah'onal 

Semiconductor 

Corporation 


PRELIMINARY 


microCMOS 


NMC27C256 

262,144-Bit (32k x 8) UV Erasable CMOS PROM 


General Description 

The NMC27C256 is a high-speed 256k UV erasable and 
electrically reprogrammable CMOS EPROM, ideally suited 
for applications where fast turnaround, pattern experimenta- 
tion and low power consumption are important require- 
ments. 

The NMC27C256 is designed to operate with a single -t-5V 
power supply with ±5% or ±10% tolerance. The CMOS 
design allows the part to operate over Extended and Military 
Temperature Ranges. 

The NMC27C256 is packaged in a 28-pin dual in-line pack- 
age with transparent lid. The transparent lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written electrically into the device 
by following the programming procedure. 

This EPROM is fabricated with National’s proprietary, time 
proven microCMOS double-poly silicon gate technology 
which combines high performance and high density with low 
power consumption and excellent reliability. 


Features 

■ Clocked sense amps for fast access time down to 
170 ns 

■ Low CMOS power consumption 

— Active Power: 55 mW max 

— Standby Power: 0.55 mW max 

■ Performance compatible to NSCSOOtm CMOS micro- 
processor 

■ Single 5V power supply 

■ Extended temperature range (NMC27C256QE), -40°C 
to BS'C, and military temperature range 
(NMC27C256QM), -55°C to 125“C, available 

■ Pin compatible with NMOS 256k EPROMS 

■ Fast and reliable programming (0.5 ms for most bytes) 

■ Static operation — no clocks required 

■ TTL, CMOS compatible inputs/outputs 

■ TRI-STATE® output 


Block Diagram 


DATA OUTPUTS O0-O7 



A0-A14 

Addresses 

CE 

Chip Enable 

OE 

Output Enable 

O 0 -O 7 

Outputs 

PGM 

Program 

NC 

No Connect 


1-39 


NMC27C256 






NMC27C256 


Connection Diagram 


27C512 

27512 

27C128 

27128 

27C64 

2764 

27C32 

2732 

27C16 

2716 

Dual-ln-Line Package 

27C16 

2716 

27C32 

2732 

27C64 

2764 

27C128 

27128 

27C512 

27512 

A15 

Vpp 

Vpp 



Vpp — 

1 

28 

— Vcc 



Vcc 

Vcc 

Vcc 

A12 

A12 

A12 



A12 — 

2 

27 

— A14 



PGM 


A14 

A7 

A7 

A7 

A7 

A7 

A7 — 

3 

26 

— A13 

Vcc 

Vcc 

NC 

A13 

A13 

A6 

A6 

A6 

A6 

A6 

A6 — 

4 

2S 

— A8 

A8 

A8 

A8 

A8 

A8 

A5 

A5 

A5 

A5 

A5 

AS — 

5 

24 

— A9 

A9 

A9 

A9 

A9 

A9 

A4 

A4 

A4 

A4 

A4 

A4 — 

6 

23 

— All 

Vpp 

All 

All 

All 

All 

A3 

A3 

A3 

A3 

A3 

A3 — 

7 

22 

— 01 

OE 

OE/Vpp 

OE 

OE 

OE/Vpp 

A2 

A2 

A2 

A2 

A2 

A2 — 

8 

21 

— A10 

A10 

A10 

A10 

A10 

A10 

A1 

A1 

A1 

A1 

A1 

A1 — 

9 

20 

— CE/pGH 

CE/PGM 

CE 

CE 

CE 

CE 

AO 

AO 

AO 

AO 

AO 

AO — 

10 

19 

— 0 / 

O 7 

O 7 

O 7 

O 7 

O 7 

Oo 

Oo 

Oo 

Oo 

Oo 

Oo — 

11 

18 

— Oo 

06 

06 

06 

06 

06 

Oi 

Oi 

Oi 

Oi 

Oi 

Oi — 

12 

17 

— Oo 

O 5 

O 5 

O 5 

O 5 

O 5 

02 

02 

02 

02 

02 

02 — 

13 

16 

— 04 

O 4 

O 4 

O 4 

O 4 

O 4 

GND 

GND 

GND 

GND 

GND 

GND — 

14 

15 

— Oj 

O 3 

O 3 

O 3 

O 3 

O 3 
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Note: National’s socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C256 pins. 

Order Number NMC27C256Q 
See NS Package Number J28A-Q 


Commercial Temp Range (0°C to + 70°C) 


Vcc = 5V +5% 


Parameter/Order Number 

Access Time 

NMC27C256Q17 

170 


Extended Temp Range 
(-40°Cto +85*C) 

Vcc = 5V ±10% 


Parameter/Order Number 

Access Time 

NMC27C256QE250 

250 


Vcc = 5V + 10% 


Parameter/Order Number 

Access Time 

NMC27C256Q200 

200 

NMC27C256Q250 

250 

NMC27C256Q300 

300 


Military Temp Range 
(-55“Cto +125°C) 


Vcc = 5V±10% 


Parameter/Order Number 

Access Time 

NMC27C256QM250 


NMC27C256QM350 
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COMMERCIAL TEMPERATURE RANGE 
Absolute Maximum Ratings (Note i) Operating Conditions (Note ?) 

Temperature Under Bias -lO^Cto -t-aO'C Temperature Range 0°Cto-t-70°C 

Storage Temperature -es^C to -I- 125°C Vcc Power Supply 

All Input Voltages with NMC27C256Q1 7 5V ± 5% 

Respect to Ground +6.5Vto-0.6V NMC27C256Q200, 250, 300 5V±10% 

All Output Voltages with 

Respect to Ground Vcc +0-3 to GND -0.6V 

Vpp Supply Voltage with Respect 
to Ground During Programming -H4.0V to -0.6V 

Power Dissipation 1 .OW 

Lead Temperature (Soldering, 1 0 sec.) 300°C 

READ OPERATION 
DC Electrical Characteristics 

Symbol 

Parameter 

Conditions 

Min 

Typ (Note 2) 

Max 

Units 

Ili 

Input Load Current 

V|N = Vcc Of gnd 



10 

jxA 

Ilo 

Output Leakage Current 

VoUT = Vcc or GND, CE = Vm 



10 

jiA 

Icci 

(Note 10) 

Vcc Current (Active) 
TTL Inputs 

CE = V|L, f = 5 MHz 
Inputs = V|H or V|L, 
I/O - 0 mA 


5 

20 

mA 

ICC2 

(Note 10) 

Vcc Current (Active) 
CMOS Inputs 

CE = GND,f = 5MHz 
Inputs = Vcc or GND, 
I/O = 0 mA 


3 

10 

mA 

IcCSBI 

Vcc Current (Standby) 
TTL Inputs 

ml 

11 

< 

X 


0.1 

1 

mA 

ICCSB2 

Vcc Current (Standby) 
CMOS Inputs 

ml 

II 

< 

o 

o 


0.5 

100 

fiA 

V|L 

Input Low Voltage 


-0.1 


0.8 

V 

VlH 

Input High Voltage 


2.0 


Vcc+ 1 

V 

Vqli 

Output Low Voltage 

Iql = 2.1 mA 



0.45 

V 

VOHI 

Output High Voltage 

Iqh = “400 fiA 

2.4 



V 

VOL2 

Output Low Voltage 

Iql = 0 /xA 



0.1 

V 

V0H2 

Output High Voltage 

Iqh = 0 fiA 

< 

o 

o 

1 

p 



V 

AC Electrical Characteristics 

Symbol 

Parameter 

Conditions 

NMC27C256 

17 

NMC27C256 

200 

NMC27C256 

250 

NMC27C256 

300 

Units 

Min 

Max 

Min 

Max 

Mln 

Max 

Min 

Max 

Ucc 

Address to Output 
Delay 

_i 

> 

II 

im 

b 

II 

|UJ 

b 


170 


200 


250 


300 

ns 

tCE 

CE to Output Delay 

GE = V|L 


170 


200 


250 


300 

ns 

tOE 

OE to Output Delay 

> 

II 

|UJ 

b 


75 


75 


100 


120 

ns 

Idf 

OE High to Output 
Float 

ml 

II 

< 

r~ 

0 

60 

0 

60 

H 

60 


105 

ns 

tOH 

Output Hold from 
Addresses, CE or 
GE, Whichever 
Occurred First 

-I 

> 

II 

|UJ 

b 

II 

■ 

■ 

■ 

■ 

0 

■ 

■ 

■ 

ns 
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MILITARY AND EXTENDED TEMPERATURE RANGE 
Absolute Maximum Ratings (Note d Operating Conditions (Note?) 

Temperature Under Bias Operating Temp Range Temperature Range 

Storage Temperature -65°Cto +125°C NMC27C256QE250 — 40°Cto+85°C 

All Input Voltages with NMC27C256QM250, M350 - 55'C to + 1 25°C 

Respect to Ground + 6.5V to -0.6V Vcc Power Supply 5V±10% 

All Output Voltages with 

Respect to Ground Vcc +0.3V to GND -0.6V 

Vpp Supply Voltage with Respect 
to Ground During Programming + 1 4.0V to —0.6V 

Power Dissipation 1.0W 

Lead Temperature (Soldering, 10 sec.) 300°C 

READ OPERATION 
DC Operating Characteristics 

Symbol 

Parameter 

Conditions 

Min 

Typ (Note 2) 

Max 

Units 

Ili 

Input Load Current 

V|N = Vcc Of GND 



10 

jaA 

Ilo 

Output Leakage Current 

VoUT = Vcc or GND, CE = V|h 



10 

fiA 

lcci 

(Note 10) 

Vcc Current (Active) 
TTL Inputs 

CE = V|L, f = 5 MHz 
Inputs = V|H or ViL 
I/O = 0 mA 


5 

20 

mA 

ICC2 

(Note 10) 

Vcc Current (Active) 
CMOS Inputs 

CE = GND, f = 5 MHZ 
Inputs = Vcc or GND 
I/O = 0 mA 


3 

10 

mA 

IcCSBI 

Vcc Current (Standby) 
TTL Inputs 

CE = V,H 


0.1 

1 

mA 

•CCSB2 

Vcc Current (Standby) 
CMOS Inputs 

CE = Vcc 


0.5 

100 

JU.A 

V|L 

Input Low Voltage 


-0.1 


0.8 

V 

V|H 

Input High Voltage 


2.0 


Vcc + 1 

V 

VoLI 

Output Low Voltage 

Iql = 2.1 mA 



0.45 

V 

VoHI 

Output High Voltage 

Iqh = -400 fiA 

2.4 



V 

V0L2 

Output Low Voltage 

Iqh = 0 fiA 



0.1 

V 

V0H2 

Output High Voltage 

Iqh = OfiA 

Vcc -0.1 



V 

AC Electrical Characteristics 

Symbol 

Parameter 

Conditions 

NMC27C256 

E250 

M250 

NMC27C256 

M350 

Units 

Min 

Max 

Min 

Max 

tACC 

Address to Output Delay 

CE = OE = V|L 


250 


350 

ns 

tCE 

CE to Output Delay 

OE = V,L 


250 


350 

ns 

tOE 

OE to Output Delay 

CE = V|L 


100 


120 

ns 

tOF 

OE High to Output Float 

CE = V,L 

0 

60 

0 

105 

ns 

tOH 

Output Hold from Addresses, CE or 
OE, Whichever Occurred First 

CE = OE = V|L 

B 


0 


ns 
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Capacitance ta = + 25 °c,f = i MHz(Note3) 


Symbol 

Parameter 

Conditions | 

Typ 

Max 

Units 

C|N 

Input Capacitance 

< 

z 

II 

o 

< 

4 

6 

pF 

Gout 

Output Capacitance 

VoUT ■ OV 

8 

12 

pF 


AC Test Conditions 

Output Load 1 TTL Gate and Ci_ = 100 pF (Note 9) 

Input Rise and Fall Times ^ 20 ns 

Input Pulse Levels 0.45V to 2.4V 

AC Waveforms 


Timing Measurement Reference Level 
Inputs 1Vand2V 

Outputs 0.8V and 2V 


ADDRESSES 

VAUD 



mms 



tACC(N0TE4) 

TL/D/7512-3 

Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

Note 2: Typical values are tor Ta = +25°C and nominal supply voltages. 

Note 3: This parameter is only sampled and Is not 100% tested. 

Note 4: OE may be delayed up to tAcc~tOE aRer the falling edge of CE without impacting tAcc- 
Note 5: The top compare level is determined as follows: 

High to TRI-STATE, the measured Vqhi (DC) -0.10V 
Low to TRI-STATE, the measured Vqli (DC) -HO.IOV 
Note 6: TRI-STATE may be attained using OE or CE. 

Note 7: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 p.F ceramic capacitor be used on 
every device between Vcc and GND. 

Note 8: The outputs must be restricted to Vcc +0.3V to avoid latch-up and device damage. 

Note 9: 1 TTL Gate: Iql =1.6 mA, Iqh — —400 ptA. 

CL: 100 pF includes fixture capacitance. 

Note 10: Vpp may be connected to Vcc except during programming. 
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Programming Characteristics 

Ta = +25°C ±5°C, Vcc = 6V ± 0.25V, Vpp = 12.2V to 13.3V (Notes 2, 3, & 4) 


Symbol 

Parameter 

tAS 

Address Set-Up Time 

tons 

OE Set-Up Time 

tos 

Data Set-Up Time 

*AH 

Address Hold Time 

tOH 

Data Hold Time 

tOF 

Output Enable to Output Float Delay 

tOE 

Output Enable to Output Delay 

tpw 

Program Pulse Width 

Ipp 

Vpp Supply Current During 
Programming Pulse 

Icc 

Vcc Supply Current 



Conditions 


Typ 


2 


2 


CE/PGM = V|L 
gE/PGM = V|L 


0.5 


CE = V|L 


Max 




lis 

)LlS 

jas 

JLlS 

JLlS 


130 ns 


150 ns 


10 ms 


30 mA 

10 mA 


AC Test Conditions 

Vcc 6V ± 0.25V Timing Measurement Reference Level 

Vpp 12.2V to 13.3 V Inputs 1Vand2V 

Input Rise and Fall Times ^20 ns Outputs 0.8V and 2V 

Input Pulse Levels 0.45V to 2.4V 


Programming Waveforms (Note 3) 



Note 1: National's standard product warranty applies oniy to devices programmed to specifications described herein. 

Note 2: Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The NMC27C256 must not be inserted into or removed from a 
board with voltage applied to Vpp or Vcc- 

Note 3: The maximum allowabie voltage which may be appiied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp supply to 
prevent overshoot exceeding this 14V maximum specification. At least a 0.1 nF capacitor is required across Vpp, Vcc GND to suppress spurious voitage 
transients which may damage the device. 

Note 4: Programming and program verify are tested at nominal power supply voltages. 
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INTERACTIVE PROGRAMMING FLOW CHART 



TL/D/7512-5 



1-45 


NMC27C256 



NMC27C256 


Functional Description 

DEVICE OPERATION 

The five modes of operation of the NMC27C256 are listed in 
Table I. It should be noted that all inputs for the five modes 
are at TTL levels. The power supplies required are Vcc and 
Vpp. The Vpp power supply must be at 13.0V during the 
three programming modes, and must be at 5V in the other 
two modes. The Vcc power supply must be at 6V during the 
three programming modes, and at 5V in the other two 
modes. 

Read Mode 

The NMC27C256 has two control functions, both of which 
must be logically active in order to obtain data at the out- 
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. Assuming that addresses 
are stable, address access time (tAcc) is equal to the delay 
from CE to output (tee)- Data is available at the outputs toE 
after the falling edge of OE, assuming that CE has been low 
and addresses have been stable for at least tAcc-tOE- 
The sense amps are clocked for fast access time. Vcc 
should therefore be maintained at operating voltage during 
read and verify. If Vcc temporarily drops below the spec, 
voltage (but not to ground) an address transition must be 
performed after the drop to ensure proper output data. 

Standby Mode 

The NMC27C256 has a standby mode which reduces the 
active power dissipation by 99%, from 55 mW to 0.55 mW. 
The NMC27C256 is placed in the standby mode by applying 
a CMOS high signal to the CE input. When in standby mode, 
the outputs are in a high impedance state, independent of 
the OE input. 

Output OR-Tying 

Because NMC27C256S are usually used in larger memory 
arrays. National has provided a 2-line control function that 
accommodates this use of multiple memory connections. 
The 2-line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom- 
mended that CE (pin 20) be decoded and used as the pri- 


mary device selecting function, while OE (pin 22) be made a 
common connection to all devices in the array and connect- 
ed to the READ line from the system control bus. This as- 
sures that all deselected memory devices are in their low 
power standby modes and that the output pins are active 
only when data is desired from a particular memory device. 

Programming 

CAUTION: Exceeding 14V on pin 1 (Vpp) will damage the 
NMC27C256. 

Initially, and after each erasure, all bits of the NMC27C256 
are in the “1 '* state. Data Is introduced by selectively pro- 
gramming “Os” into the desired bit locations. Although only 
"Os” will be programmed, both “Is” and “Os” can be pre- 
sented in the data word. The only way to change a “0” to a 
“1” is by ultraviolet light erasure. 

The NMC27C256 is in the programming mode when the Vpp 
power supply is at 13.0V and OE is at V|h. It is required that 
at least a 0.1 ju.F capacitor be placed across Vpp, Vcc to 
ground to suppress spurious voltage transients which may 
damage the device. The data to be programmed is applied 8 
bits in parallel to the data output pins. The levels required 
for the address and data inputs are TTL. 

When the address and data are stable, a n active low, TTL 
program pulse is applied to the CE/PGM input. A program 
pulse must be applied at each address location to be pro- 
grammed. Any location may be programmed at any time — 
either individually, sequentially, or at random. The 
NMC27C256 is designed to be programmed in either of two 
ways; single pulse programming, where each address is 
programmed with a 10 ms pulse; or interactive program- 
ming, where each address is programmed with a series of 
0.5 ms pulses until it verifies (up to a maximum of 20 pulses 
or 10 ms). Only the interactive programming method has 
been tested. The NMC27C25 6 must no t be programmed 
with a DC signal applied to the CE/PGM input. 
Programming multiple NMC27C256S in parallel with the 
same data can be easily accomplished due to the simplicity 
of the programming requirements. Like inputs of the paral- 
leled NMC27C256S may be connected together when they 
are programmed with the s ame data. A low level TTL pulse 
applied to the CE/PGM input programs the paralleled 
NMC27C256S. 


TABLE I. Mode Selection 


Pins 

Mode 

CE/PGM 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

Outputs 
(11-13, 15-19) 

Read 

V|L 

V|L 

Vcc 

5 

Dqut 

Standby 

V|H 

Don’t Care 

Vcc 

5 

Hl-Z 

Program 

Pulsed V|H to V|L 

ViH 

13.0 

6 

Din 

Program Verify 

V|H 

V|L 

13.0 

6 

Dqut 

Program Inhibit 

V|H 

VlH 

13.0 

6 

Hl-Z 
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Functional Description (Continued) 

Program Inhibit 

Programming muitipie NMC27C256S in parallel differ- 
ent data is also easily accomplished. Except for CE all like 
inputs (including OE) of the parallel NMC27C256S may be 
common. A T TL l ow le vel program pulse applied to an 
NMC27C256’s CE/PGM input with Vpp at 13.0V will pro- 
gram that NMC27C256. A TTL high level CE input inhibits 
the other NMC27C256s from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with Vpp at 13.0V. Except during 
programming and program verify, Vpp must be at Vcc- 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27C256 are such 
that erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000A-4000A 
range. Data shows that constant exposure to room-level flu- 
orescent lighting could erase the typical NMC27C256 in ap- 
proximately 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. If 
the NMC27C256 is to be exposed to these types of lighting 
conditions for extended periods of time, opaque lables 
should be placed over the NMC27C256’s window to prevent 
unintentional erasure. Covering the window will also prevent 
temporary functional failure due to the generation of photo 
currents. 

The recommended erasure procedure for the NMC27C256 
is exposure to short wave ultraviolet light which has a wave- 
length of 2537 Angstroms (A). The integrated dose (i.e., UV 
intensity x exposure time) for erasure should be a minimum 
of 15W-sec/cm2. 


The NMC27C256 should be placed within 1 inch of the lamp 
tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. Table II 
shows the minimum NMC27C256 erasure time for various 
light intensities. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance. (If 
distance is doubled the erasure time increases by a factor of 
4.) Lamps lose intensity as they age. When a lamp is 
changed, the distance has changed or the lamp has aged, 
the system should be checked to make certain full erasure 
is occurring. Incomplete erasure will cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when in- 
complete erasure was the problem. 

SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current. Ice. 
has three segments that are of interest to the system de- 
signer— the standby current level, the active current level, 
and the transient current peaks that are produced by volt- 
age transitions on input pins. The magnitude of these tran- 
sient current peaks is dependent on the output capacitance 
loading of the device. The associated Vcc transient voltage 
peaks can be suppressed by properly selected decoupling 
capacitors. It is recommended that at least a 0.1 juF ceramic 
capacitor be used on every device between Vcc and GND. 
This should be a high frequency capacitor of low inherent 
inductance. In addition, at least a 4.7 juF bulk electrolytic 
capacitor should be used between Vcc and GND for each 
eight devices. The bulk capacitor should be located near 
where the power supply is connected to the array. The pur- 
pose of the bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of the PC board traces. 


TABLE II. Minimum NMC27C256 Erasure Time 


Light Intensity 
(Micro-Watts/cm2) 

Erasure Time 
(Minutes) 

15,000 

20 

10,000 

25 

5,000 

50 
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National PRELIMINARY 

Semiconductor 

Corporation 


NMC27C256B High Speed Version 
262,144-Bit (32k x 8) UV Erasabie CMOS PROM 



microCMOS 



General Description 

The NMC27C256B is a high-speed 256k UV erasable and 
electrically reprogrammable CMOS EPROM, ideally suited 
for applications where fast turnaround, pattern experimenta- 
tion and low power consumption are important require- 
ments. 

The NMC27C256B is designed to operate with a single 
-f-5V power supply with ±10% tolerance. The CMOS de- 
sign allows the part to operate over Extended and Military 
Temperature Ranges. 

The NMC27C256B is packaged in a 28-pin dual in-line pack- 
age with transparent lid. The transparent lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written electrically into the device 
by following the programming procedure. 

These EPROMs are fabricated with National’s proprietary, 
time proven microCMOS double-poly silicon gate technolo- 
gy which combines high performance and high density with 
low power consumption and excellent reliability. 


Features 

■ Clocked sense amps for fast access time down to 
90 ns 

■ Low CMOS power consumption 

— Active Power: 220 mW max 

— Standby Power: 0.55 mW max 

■ Performance compatible to NSC800 CMOS microproc- 
essor 

■ Single 5V power supply 

■ Extended temperature range (NMC27C256BQE), 
-40°C to 85°C, and military temperature range 
(NMC27C256BQM), -55°C to 125°C, available 

■ Pin compatible with NMOS 256k EPROMS 

■ Fast and reliable programming (0.5 ms for most bytes) 

■ Static operation for NMC27C256B— no clocks required 

■ TTL, CMOS compatible inputs/outputs 

■ TRI-STATE® output 


Block Diagram 


Vcc 


DATA OUTPUTS Og-Or 



Pin Names 


A0-A14 

Addresses 

CE 

Chip Enable 

OE 

Output Enable 

O 0 -O 7 

Outputs 

PGM 

Program 

NC 

No Connect 
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Connection Diagram 


27C512 

27512 

27C128 

27128 

27C64 

2764 

27C32 

2732 

27C16 

2716 

Dual-ln-Llne Package 

27C16 

2716 

27C32 

2732 

27C64 

2764 

27C128 

27128 

27C512 

27512 

A15 

Vpp 

Vpp 



Vpf — 


21 

— Vcc 



Vcc 

Vcc 

Vcc 

A12 

A12 

A12 



A12 — 


27 

— A14 



PGM 

PGM 

A14 

A7 

A7 

A7 

A7 

A7 

A7 — 


21 

— A13 

Vcc 

Vcc 

NC 

A13 

A13 

A6 

A6 

A6 

mm 

la 

A6 — 


25 

— AS 

A8 


mg 



A5 

A5 

A5 



AS — 


24 

— AS 

A9 





A4 

A4 

A4 

A4 

A4 

A4 — 


23 

— All 

Vpp 

All 

All 

All 

All 

A3 

A3 

A3 

A3 

A3 

A3 — 


22 

— R 

OE 

OE/Vpp 

OE 

OE 

OE/VpF 

A2 

A2 

A2 

A2 

A2 

A2 — 


21 

— A10 

A10 

A10 

A10 

A10 

A10 

A1 

A1 

A1 

A1 

A1 

At — 


20 

— EE 

DE/PGM 

CE 

CE 

CE 

CE 

AO 

AO 

AO 

AO 

AO 

AO — 

10 

10 

— 07 

Or 

O7 

O7 

O7 

O7 

Oo 

Oo 

Oo 

Oo 

Oo 

Oo — 

11 

IS 

— 0, 

Oe 

Oe 

Oe 

Oe 

Oe 

Oi 

Oi 

Oi 

Oi 

Oi 

Oi — 

12 

17 

— 0, 

O5 

O5 

O5 

O5 

O5 

02 

02 

02 

02 

02 

Oi — 

13 

IS 

— 0. 

O4 

O4 

O4 

O4 

O4 

GND 

GND 

GND 

GND 

GND 

GNO — 

14 

IS 

— 0, 

O3 

O3 

O3 

O3 

O3 


TL/D/9125-2 

Order Number NMC27C256BQ 
See NS Package Number J28A-Q 

Note: National's socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C256B pins. 


Commercial Temp Range (0°C to +70°C) 


Vcc = 5V ±10% 


Parameter/Order Number 

Access Time (ns) 

NMC27C256BQ90 

90 

NMC27C256BQ120 

120 

NMC27C256BQ150 

150 

NMC27C256BQ200 

200 


Extended Temp Range 
(-40°Cto +85‘’C) 


Vcc = 5V ±10% 


Parameter/Order Number 

Access Time (ns) 

NMC27C256BQE120 

120 


Military Temp Range 
(-55°Cto +125°C) 


Vcc = 5V ±10% 
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Absolute Maximum Ratings (Note i) 

Specifications for Military /Aerospace products are not . 

contained in this datasheet. Refer to the associated Lead Temperature (Soldenng, 10 sec.) 300"C 

reliability electrical test specifications document. ESD Rating to be determined. 

Temperature Under Bias -10°Cto+80°C ^ ^ 

Storage Temperature -65°Cto +125‘‘C Operating COPClltlOnS (Note?) 

Ali Input Voltages and A9 with ^cc Power Supply 5V ± 1 0% 

Respect to Ground -t- 6.5V to -0.6V Temperature Range 

All n. .t ...itv, NMC27C256BQ90, 1 20, 1 50, 200 0°C to + 70”C 

V NMC27C256BQE120 -40-CIO+85-C 

Respect to Ground Vcc 0.3toGND 0.6V NMC27C256BOM150 - 55"C to + 1 25"C 

Vpp Supply Voltage and A9 with 
Respect to Ground -M3.0V to -0.6V 

Power Dissipation 1 .OW 

Read Operation 
DC Electrical Characteristics 

Symbol 

Parameter 

Conditions 

Min 

Typ (Note 2) 

Max 

Units 

Ili 

Input Load Current 

V|N — VccorGND 



10 

IxA 

Ilo 

Output Leakage Current 

VoUT = Vcc or GND CE = V|h 



10 

juA 

icci 

(Note 10) 

Vcc Current (Active) 
TTL Inputs 

CE = V|L, f = 5 MHZ 
All Inputs = V|H or V|L 
I/O = 0 mA 


15 

60 

mA 

ICC2 

(Note 10) 

Vcc Current (Active) 
CMOS Inputs 

CE = GND, f = 5 MHz 
All Inputs = Vcc or GND, 
I/O = 0 mA 


10 

40 

mA 

ICCSBI 

Vcc Current (Standby) 
TTL Inputs 

^1 

ml 

II 

< 

X 


0.1 

1 

mA 

ICCSB2 

Vcc Current (Standby) 
CMOS Inputs 

ml 

II 

< 

o 

o 


0.5 

100 

jliA 

V|L 

Input Low Voltage 


-0.1 


0.8 

V 

V|H 

Input High Voltage 


2.0 


Vcc + "I 

V 

V0L1 

Ouput Low Voltage 

Iql = 2.1 mA 



0.45 

V 

VOHI 

Output High Voltage 

Iqh = -400 juA 

2.4 



V 

V0L2 

Output Low Voltage 

Iql = 0 )xA 



0.1 

V 

V0H2 

Output High Voltage 

Iqh = 0 p,A 

0 

1 

o 

o 

> 



V 

AC Electrical Characteristics 

Symbol 

Parameter 

Conditions 

NMC27C256B 

90 

NMC27C256B 

120 

E120 

NMC27C256B 
150 
Ml 50 

NMC27C256B 

200 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

tACC 

Address to Output 
Delay 

CE = OE = V|L 


90 


120 


150 


200 

ns 

tCE 

CE to Output Delay 

> 

II 

|UJ 

lo 


90 


120 


150 


200 

ns 

tOE 

OE to Output Delay 

_i 

> 

II 

|LU 

lo 


40 


50 


60 


75 

ns 

tpF 

OE High to Output 
Float 

_l 

> 

II 

|UI 

lo 

0 

40 

B 

40 

0 

50 


60 

ns 

tOH 

Output Hold from 
Addresses, CE or 
OE, Whichever 
Occurred First 

_J 

> 

II 

|LU 

10 

11 

|UJ 

lo 

0 

■ 

■ 

■ 

0 

■ 

0 

■ 

ns 
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Capacitance ta = +25°c,f = i MHz(Note3) 


Symbol 

Parameter 

Conditions 

Typ 

Max 

Units 

C|N 

Input 

Capacitance 

< 

2 

II 

O 

< 

4 

6 

pF 

Gout 

Output 

Capacitance 

VoUT = OV 

8 

12 

pF 


AC Test Conditions 

Output Load 1 TTL Gate and 

Cl = 100pF(Note9) 
Input Rise and Fall Times ^ 5 ns 

Input Pulse Levels 0.45V to 2.4V 

Timing Measurement Reference Level 
Inputs 1Vand2V 

Outputs 0.8V and 2V 


AC Waveforms 



Note 1: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

Note 2: Typical values are for Ta = +25'C and nominal supply voltages. 

Note 3; This parameter is only sampled and is not 100% tested. 

Note 4: OE may be delayed up to tAcc-*OE a*fer the falling edge of CE without impacting tAcc- 
Note 5: The t^p compare level is determined as follows: 

High to TRI-STATE, the measured Vom (DC) -0.10V. 

Low to TRI-STATE, the measured Vqli (DC) -I- 0.10V. 

Note 6: TRI-STATE may be attained using OE or CE. 

Note 7; The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 /xF ceramic capacitor be used on 
every device between Vcc and GND. 

Note 8: The outputs must be restricted to Vcc + 0-3V to avoid latch-up and device damage. 

Note 9; 1 TTL Gate: Iql =1.6 mA, Iqh — —400 p,A. 

CL: 100 pF includes fixture capacitance. 

Note 10: Vpp may be connected to Vcc except during programming. 


Programming Characteristics 

Ta = +25°C ±5°C, Vcc = 6V ± 0.25V, Vpp = 12.5 ±0.3V (Notes 2, 3, 4) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tAS 

Address Setup Time 


1 



flS 

tOES 

OE Setup Time 


1 



/xs 

*DS 

Data Setup Time 


1 



fis 

Uh 

Address Hold Time 


0 



fXS 

bH 

Data Hold Time 


1 



JU.S 

tOF 

Output Enable to Output Float Delay 

-1 

> 

II 

UJ 

o 

0 


60 

ns 

tOE 

Output Enable to Output Delay 

-I 

> 

II 

m 

O 



100 

ns 

tpw 

Program Pulse Width 


0.5 

0.5 

10 

ms 

Ipp 

Vpp Supply Current During 
Programming Pulse 

o 

m 

II 

< 

r- 



30 

mA 

icc 

Vcc Supply Current 




10 

mA 
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NMC27C256B 


AC Test Conditions 

Vcc 

Vpp 

Input Rise and Fall Times 


6V ± 0.25V 
12.5 ±0.3V 
^5 ns 


Programming Waveforms (Notes) 


Input Pulse Levels 0.45V to 2.4V 

Timing Measurement Reference Level 
Inputs 1Vand2V 

Outputs 0.8V and 2V 



Note: All times shown in parentheses are minimum and in ps unless othenwise specified. 

Note 1: National’s standard product warranty applies only to devices programmed to specifications described herein. 

Note 2: Vcc ^riust be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The NMC27C256B must not be inserted into or removed from 
a board with voltage applied to Vpp or Vcc- 

Note 3: The maximum allowable voltage which may be applied to the Vpp pin during programming is 13V. Care must be taken when switching the Vpp supply to 
prevent overshoot exceeding this 13V maximum specification. At least a 0.1 fiF capacitor is required across Vpp, Vcc to GND to suppress spurious voltage 
transients which may damage the device. 

Note 4: Programming and program verify are tested at nominal power supply voltages. 
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NMC27C256B 


Functional Description 

DEVICE OPERATION 

The five modes of operation of the NMC27C256B are listed 
in Table I. It should be noted that all Inputs for the five 
modes are at TTL levels. The power supplies required are 
Vcc and Vpp. The Vpp power supply must be at 12.5V dur- 
ing the three programming modes, and must be at 5V in the 
other two modes. The Vcc power supply must be at 6V 
during the three programming modes, and at 5V in the other 
two modes. 

Read Mode 

The NMC27C256B has two control functions, both of which 
must be logically active in order to obtain data at the out- 
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. Assuming that addresses 
are stable, address access time (tAcc) is equal to the delay 
from CE to output (tcs)- Data is available at the outputs toE 
after the falling edge of OE, assuming that CE has been low 
and addresses have been stable for at least tAcc-toE- 
The sense amps are clocked for fast access time. Vcc 
should therefore be maintained at operating voltage during 
read and verify. If Vcc temporarily drops below the spec, 
voltage (but not to ground) an address transition must be 
performed after the drop to insure proper output data. 

Standby Mode 

The NMC27C256B has a standby mode which reduces the 
active power dissipation by over 99%, from 220 mW to 
0.55 mW. The NMC27C256B is placed in the standby mode 
by applying a CMOS high signal to the CE input. When in 
standby mode, the outputs are in a high impedance state, 
independent of the OE input. 

Output OR-Tying 

Because NMC27C256B are usually used in larger memory 
arrays. National has provided a 2-line control function that 

accommodates this use of multiple memory connections. 
The 2-line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention wiii not 
occur. 

To most efficiently use these two control lines, it is recom- 
mended that CE (pin 20) be decoded and used as the pri- 
mary device selecting function, while OE (pin 22) be made a 
common connection to all devices in the array and connect- 
ed to the READ line from the system control bus. This as- 
sures that all deselected memory devices are in their low 
power standby modes and that the output pins are active 
only when data is desired from a particular memory device. 

Programming 

CAUTION; Exceeding 13V on pin 1 (Vpp) will damage the 
NMC27C256B. 

Initially, and after each erasure, all bits of the NMC27C256B 
are in the “1” state. Data is introduced by selectively pro- 
gramming “Os” into the desired bit locations. Although only 
“Os” will be programmed, both “Is” and “Os” can be pre- 
sented in the data word. The oniy way to change a “0” to a 
“1” is by ultraviolet light erasure. 

The NMC27C256B are in the programming mode when the 
Vpp power supply is at 1 2.5V and OE is at V|h. It Is required 
that at least a 0.1 juF capacitor be placed across Vpp, Vcc 
to ground to suppress spurious voltage transients which 
may damage the device. The data to be programmed is 
applied 8 bits in parallel to the data output pins. The levels 
required for the address and data inputs are TTL. 

When the address and data are stable, an active low, TTL 
program pulse Is applied to the CE input. A program pulse 
must be applied at each address location to be pro- 
grammed. Any location may be programmed at any time — 
either individually, sequentially, or at random. The 
NMC27C256B is designed to be programmed in either of 


TABLE 1. Mode Selection 



Pins 

Mode 

CE (ALE)* 
(20) 

OE 

(22) 

Vp 

(1) 

Vcc 

(28) 

Outputs 
(11-13, 15-19) 

Read 

V|L 

VlL 

Vcc 

5 

Dqut 

Standby 

V|H 

Don’t Care 

Vcc 

5 

Hi-Z 

Program 

Pulsed V|Hto V|L 

V|H 

12.5 

6 

D|N 

Program Verify 

V|H 

VlL 

12.5 

6 

Dout 

Program Inhibit 

VlH 

V|H 

12.5 

6 

Hi-Z 
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Functional Description (Continued) 

two ways: single pulse programming, where each address is 
programmed with a 10 ms pulse; or interactive program- 
ming, where each address is programmed with a series of 
0.5 ms pulses until it verifies (up to a maximum of 20 pulses 
or 10 ms). Only the interactive programming method has 
been tested. The NMC27C256B must not be programmed 
with a DC signal applied to the CE input. 

Programming multiple NMC27C256B in parallel with the 
same data can be easily acccomplished due to the simplici- 
ty of the programming requirements. Like inputs of the par- 
alleled NMC27C256B may be connected together when 
they are programmed with the same data. A low level TTL 
pulse applied; to the CE input programs the paralleled 
NMC27C256B. 

Program Inhibit 

Programming multiple NMC27C256B in parallel with differ- 
ent data is also easily accomplished. Except CE all like in- 
puts (including OE) of the parallel NMC27C256B may be 
common. A TTL low level program pulse applied to an 
NMC27C256B CE input with Vppj^12.5V will program that 
NMC27C256B. A TTL high level CE input inhibits the other 
NMC27C256B from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with Vpp at 12.5V. Except during 
programming and program verify, Vpp must be at Vcc- 

Manufacturer’s Identification Code 
The NMC27C256B has a manufacturer’s identification code 
to aid in programming. When the device is inserted in an 
EPROM programmer socket, the programmer reads the 
code and then automatically calls up the specific program- 
ming algorithm for the part. This automatic programming 
control is only possible with programmers which have the 
capability of reading the code. 

The Manufacturer’s Identification code, shown in Table II, 
specifically identifies the manufacturer and the device type. 
The code for NMC27C256B is “8F04”, where "8F” desig- 
nates that it is made by National Semiconductor, and “04” 
designates a 256k part. 

The code is accessed by applying 11.4V to 12.0V to ad- 
dress pin A9. Addresses A1-A8, A10-A14, and all control 
pins are held at V|l. Address pin AO is held at V|i_ for the 
manufacturer’s code, and held at Vm for the device code. 
The code is read on the eight data pins, O0-O7. Proper 
code access is only guaranteed at 25°C ± 5'’C. 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27C256B are such 
that erasure begins to occur when exposed to light with 


wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000A-4000A 
range. Data shows that constant exposure to room-level flu- 
orescent lighting could erase the typical NMC27C256B in 
approximately 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. 
Opaque labels should be placed over the NMC27C256B 
window to prevent unintentional erasure. Covering the win- 
dow will also prevent temporary functional failure due to the 
generation of photo currents. 

The recommended erasure procedure for the 
NMC27C256B is exposure to short wave ultraviolet light 
which has a wavelength of 2537 Angstroms (A). The inte- 
grated dose (i.e., UV intensity x exposure time) for erasure 
should be a minimum of 15W-sec/cm2. 

The NMC27C256B should be placed within 1 inch of the 
lamp tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. Table III 
shows the minimum NMC27C256B erasure time for various 
light intensities. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance. (If 
distance is doubled the erasure time increases by a factor of 
4.) Lamps lose intensity as they age. When a lamp is 
changed, the distance has changed, or the lamp has aged, 
the system should be checked to make certain full erasure 
is occurring. Incomplete erasure will cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when in- 
complete erasure was the problem. 

SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current, Iqc. 
has three segments that are of interest to the system de- 
signer— the standby current level, the active current level, 
and the transient current peaks that are produced by volt- 
age transitions on input pins. The magnitude of these tran- 
sient current peaks is dependent on the output capacitance 
loading of the device. The associated Vcc transient voltage 
peaks can be suppressed by properly selected decoupling 
capacitors. It is recommended that at least a 0.1 )nF ceramic 
capacitor be used on every device between Vcc and GND. 
This should be a high frequency capacitor of low inherent 
inductance. In addition, at least a 4.7 jaF bulk electrolytic 
capacitor should be used between Vcc and GND for each 
eight devices. The bulk, capacitor should be located near 
where the power supply is connected to the array. The pur- 
pose of the bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of the PC board traces. 


TABLE II. Manufacturer’s Identification Code 


Pins 

Ao 

O 7 

Oe 

O 5 

04 

03 

02 

0i 

Oo 

Hex 

(21) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

Data 

Manufacturer Code 

VlL 

1 

0 

0 

0 

1 

1 

1 

1 

8F 

Device Code 

V|L 

0 

0 

0 

0 

0 

1 

0 

0 

04 
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PRELIMINARY 



National 

Semiconductor 

Corporation 


NMC27C512 



524,288-Bit (64k x 8) UV Erasable CMOS PROM 


General Description 

The NMC27C512 is a high-speed 512k UV erasable and 
eiectrically reprogrammable CMOS EPROM, idealiy suited 
for appiications where fast turnaround, pattern experimenta- 
tion and low power consumption are important require- 
ments. 

The NMC27C512 is designed to operate with a singie -f 5V 
power suppiy with ±5% or ±10% toierance. The CMOS 
design aiiows the part to operate over Extended and Military 
Temperature Ranges. 

The NMC27C512 is packaged in a 28-pin dual in-line pack- 
age with transparent lid. The transparent iid allows the user 
to expose the chip to uitravioiet iight to erase the bit pattern. 
A new pattern can then be written eiectricaliy into the device 
by foiiowing the programming procedure. 

This EPROM is fabricated with Nationai’s proprietary, time 
proven microCMOS double-poiy silicon gate technology 
which combines high performance and high density with low 
power consumption and exceilent reiiabiiity. 


Features 

■ Clocked sense amps for fast access time down 
to 200 ns 

■ Low CMOS power consumption 

— Active Power: 55 mW max 

— Standby Power: 0.55 mW max 

■ Performance compatible to NSC8OO™ CMOS micro- 
processor 

■ Single 5V power supply 

■ Extended temperature range (NMC27C512QE), — 40°C 
to 85°C, and military temperature range 
(NMC27C512QM), -55°C to 125°C, avaiiabie 

■ Pin compatible with NMOS 512k EPROMS 

■ Fast and reliable programming (0.5 ms for most bytes) 

■ Static operation— no clocks required 

■ TTL, CMOS compatibie inputs/outputs 

■ TRi-STATE® output 


Block Diagram 



Pin Names 


A0-A15 

Addresses 

CE 

Chip Enable 

OE/Vpp 

Output Enable/ 

Programming 

Voitage 

O 0 -O 7 

Outputs 

P^ 

Program 

NC 

No Connect 
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Connection Diagram 


27C256 

27C128 

27C64 

27C32 

27C16 





27C16 

27C32 

27C64 

27C128 

27C256 

27256 

27128 

2764 

2732 

2716 

Dual-ln-Une Package 

2716 

2732 

2764 

27128 

27256 

Vpp 

Vpp 

Vpp 



AtS 

1 

28 

— Vcc 



Vcc 

Vcc 

Vcc 

A12 

A12 

A12 



A12 — 

2 

27 

— A14 



PGM 

PGM 

A14 

A7 

A7 

A7 

A7 

A7 

A7 — 

3 

26 

— A13 

Vcc 

Vcc 

NC 

A13 

A13 

A6 

A6 

A6 

A6 

A6 

A6 — 

4 

25 

— AS 

A8 

A8 

A8 

A8 

A8 

A5 

A5 

A5 

A5 

A5 

AS — 

S 

24 

— A9 

A9 

A9 

A9 

A9 

A9 

A4 

A4 

A4 

A4 

A4 

A4 — 

6 

23 

— All 

Vpp 

All 

All 

All 

All 

A3 

A3 

A3 

A3 

A3 

A3 — 

7 

22 

— K/Vp(. 

OE 

OE/Vpp 

OE 

OE 

OE 

A2 

A2 

A2 

A2 

A2 

A2 — 

8 

21 

— A10 

A10 

A10 

A10 

A10 

A10 

A1 

A1 

A1 

A1 

A1 

A1 — 

9 

20 

— K 

CE/PGM 

CE 

CE 

CE 

CE/PGM 

AO 

AO 

AO 

AO 

AO 

AO — 

10 

19 

— 0/ 

O 7 

O 7 

O 7 

O 7 

O 7 

Oo 

Oo 

Oo 

Oo 

Oo 

Oo — 

11 

18 

— Oo 

Oe 

Oe 

Oe 

Oe 

Oe 

Oi 

Oi 

Oi 

Oi 

Oi 

Oi — 

12 

17 

— Oo 

O 5 

05 

O 5 

O 5 

O 5 

02 

02 

02 

02 

02 

02 — 

13 

16 

— 04 

O 4 

04 

O 4 

O 4 

O 4 

GND 

GND 

GND 

GND 

GND 

GND — 

14 

15 

— Os 

O 3 

03 

O 3 

O 3 

O 3 


TL/D/8754-2 

Note: National’s socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C51 2 pins. 

See NS Package Number J28A-Q 


Commercial Temp Range (0°C to + 70°C) 


Vcc = 5V ±5% 


Parameter/Order Number 

Access Time 

NMC27C512Q20 

200 


Vcc = 5V ±10% 


Parameter/Order Number 

Access Time 

NMC27C51 20250 

250 

NMC27C512Q300 

300 

NMC27C51 20350 

350 


Extended Temp Range 
(-40X to +85”C) 

Vcc = 5V ± 10 % 


Parameter/Order Number 

Access Time 

NMC27C512QE250 

250 


Military Temp Range 
(-55“Cto +125“C) 


Vcc = 5V ±10% 


Parameter/Order Number 

Access Time 

NMC27C512QM350 

350 
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Absolute Maximum Ratings (Note i) Operating Conditions (Note i) 

Specifications for Miiitary/ Aerospace products are not Temperature Range 

contained in this datasheet. Refer to the associated NMC27C51 2020,250,300,350 0“Cto70°C 

reiiabiiity eiectricai test specifications document. NMC27C512QE250 -40»Cto +85«C 

Temperature Under Bias Operating Temp Range NMC27C512OM350 -55»Cto +125»C 

Storage Temperature -65«Cto +125«C Vcc Power Supply 5V ±10% 

All Input Voltages with except NMC27C51 2020 5V ± 5% 

Respect to Ground +6.5Vto -0.6V determined. 

All Output Voltages with 

Respect to Ground Vcc+0.3 to GND-0.6V 

Vpp and A9 Supply Voltage with 
Respect to Ground + 1 4.0V to - 0.6V 

Power Dissipation 1.0W 

Lead Temperature (Soldering, 10 sec.) 300°C 

READ OPERATION 
DC Electrical Characteristics 

Symbol 

Parameter 

Conditions 

Min 

Typ (Note 2) 

Max 

Units 

Ili 

Input Load Current 

V|N ~ VccorCND 



10 

jaA 

Ilo 

Output Leakage Current 

VoUT = Vcc or GND, CE = V|h 



10 

jaA 

lcci 

Vcc Current (Active) 
TTL Inputs 

CE = V|L, f = 5 MHz 
Inputs = V|H or V|l 
I/O = 0 mA 


5 

20 

mA 

ICC2 

Vcc Current (Active) 
CMOS Inputs 

CE = GND, f = 5 MHz 
Inputs = Vcc or GND, 
I/O = 0 mA 


3 

10 

mA 

ICCSBI 

Vcc Current (Standby) 
TTL Inputs 

X 

> 

II 

|m 

lo 


0.1 

1 

mA 

ICCSB2 

Vcc Current (Standby) 
CMOS Inputs 

ml 

II 

< 

o 

o 


0.5 

100 

JU.A 

V|L 

Input Low Voltage 


-0.1 


0.8 

V 

V|H 

Input High Voltage 


2.0 


Vcc+1 

V 

VOLI 

Output Low Voltage 

Iql = 2.1 mA 



0.45 

V 

V0H1 

Output High Voltage 


2.4 



V 

V0L2 

Output Low Voltage 

Iql = 0 ixA 



0.1 

V 

VqH2 

Output High Voltage 

lOH = OfiA 

< 

o 

o 

1 

p 



V 

AC Electrical Characteristics 

Symbol 

Parameter 

Conditions 

NMC27C512 

20 

NMC27C512 
250, E250 

NMC27C512 

300 

NMC27C512 

350 

M350 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

^ACC 

Address to Output 
Delay 

ml 

II 

II 

< 


200 


250 


300 


350 

ns 

tCE 

CE to Output Delay 

> 

II 

lUJ 

b 


200 


250 


300 


350 

ns 

tOE 

OE to Output Delay 

> 

II 

|LU 

lo 


75 


100 


120 


120 

ns 

tOF 

OE High to Output 
Float 

_l 

> 

II 

|UJ 

lo 

0 

60 

0 

60 


105 


105 

ns 

tOH 

Output Hold from 
Addresses, CE or 
OE, Whichever 
Occurred First 

_l 

> 

II 

|UJ 

10 

11 

|LU 

lo 

0 

■ 

0 


0 


0 


ns 
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Capacil 

:ance Ta = +25°C. t = ^ MHz (Note 3) 

Symbol 

Parameter 

Conditions 

Typ 

Max 

Units 

C|N 

Input Capacitance 

> 

o 

II 

z 

> 

4 

6 

pF 

Gout 

Output Capacitance 

VoUT = OV 

8 

12 

pF 


AC Test Conditions 

Output Load 1 TTL Gate and Cl = 100 pF (Note 9) 

Input Rise and Fall Times ^20 ns 

Input Pulse Levels 0.45V to 2.4V 


Timing Measurement Reference Level 
Inputs 1Vand2V 

Outputs 0.8V and 2V 


AC Waveforms 


2V vJ 
ADDRESSES W 

ADDRESSES 

u VALID 

K 

■ 

SIHHIH 

/ 


mil 





tpF (NOTE 5) - 

- — 



VALID OUTPUT 

tOH 






TL/D/B754-3 

Note 1: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not impiied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

Note 2: Typical values are for Ta = +25°C and nominal supply voltages. 

Note 3: This parameter is only sampled and is not 100% tested. 

Note 4: OE may be delayed tAcc-*OE after the falling edge of CE without impacting tAcc- 
Note 5: The top compare level is determined as follows: 

High to TRI-STATE, the measured Vom (DC) -0.10V 
Low to TRI-STATE, the measured Vqli (DC) -I- 0.10V 
Note 6: TRI-STATE may be attained using OE or CE. 

Note 7: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 p.F ceramic capacitor be used on 
every device between Vcc and GND. 

Note 8: The outputs must be restricted to Vcc +0.3V to avoid latch-up and device damage. 


Note 9: 1 TTL Gate: Iql = 1.6 mA, Iqh = -400 /lA. 
CL: 100 pF includes fixture capacitance. 
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Programming Characteristics 

Ta = +25“C ±5°C, Vcc = 6V ± 0.25V, Vpp = 12.2V to 13.3V (Notes 2, 3, & 4) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Us 

Address Set-Up Time 


2 



flS 

tOES 

OE Set-Up Time 


2 



JLlS 

tos 

Data Set-Up Time 


2 



/XS 

Uh 

Address Hold Time 


0 



jJiS 

tpH 

Data Hold Time 


2 



flS 

tOF 

Output Enable to Output Float Delay 

ml 

II 

< 

0 


130 

ns 

tpw 

Program Pulse Width 



0.5 

10 

ms 

Ipp 

Vpp Supply Current During 
Programming Pulse 

II II 
< < 



30 

mA 

Icc 

Vcc Supply Current 




10 

mA 

tOEH 

OE Hold Time 


2 



JU.S 

tov 

Data Valid from CE 

CE = V|L, OE = V|L 



1 

fJLS 

Urt 

OE Pulse Rise Time 
During Programming 


50 



ns 

tVR 

Vpp Recovery Time 


2 



flS 


AC Test Conditions 

Vcc 

Vpp 

Input Rise and Fall Times 
Input Pulse Levels 


6V ± 0.25V Timing Measurement Reference Level 
12.2V to 13.3 V Inputs 

^20 ns Outputs 

0.45V to 2.4V 


IV and 2V 
0.8V and 2V 


Programming Waveforms (Note 3) 



Note 1: National's standard product warranty applies only to devices programmed to specifications described herein. 

Note 2: Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The NMC27C51 2 must not be inserted into or removed from a 
board with voltage applied to Vpp or Vcc- 

Note 3: The maximum allowable voltage which may be applied to the Vpp pin during programming is 14V. Care must be taken when switching the Vpp supply to 
prevent overshoot exceeding this 14V maximum specification. At least a 0.1 fif capacitor is required across Vpp, Vcc to suppress spurious voltage 

transients which may damage the device. 

Note 4: Programming and program verity are tested at nominal power supply voltages. 
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INTERACTIVE PROGRAMMING FLOW CHART 
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Functional Description 

DEVICE OPERATION 

The five modes of operation of the NMC27C51 2 are listed in 
Table I. It should be noted that all inputs for the five modes 
may be at TTL levels. The po\wer supplies required are Vcc 
and Vpp. The Vcc power supply must be at 6V during the 
three programming modes, and at 5V in the other two 
modes. The OE/Vpp pin must be at 13V in the programming 
mode, and at V|l in the read and verify mode. 

Read Mode 

The NMC27C512 has two control functions, both of which 
must be logically active in order to obtain data at the out- 
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. Assuming that addresses 
are stable, address access time (Iacc) is equal to the delay 
from CE to output (tcE)- Data is available at the outputs toE 
after the falling edge of OE, assuming that CE has been low 
and addresses have been stable for at least tAcc-tOE- 
The sense amps are clocked for fast access time. Vcc 
should therefore be maintained at operating voltage during 
read and verify. If Vcc temporarily drops below the spec, 
voltage (but not to ground) an address transition must be 
performed after the drop to insure proper output data. 

Standby Mode 

The NMC27C512 has a standby mode which reduces the 
active power dissipation by 99%, from 55 mW to 0.55 mW. 
The NMC27C512 is placed in the standby mode by applying 
a CMOS high signal to the CE input. When in standby mode, 
the outputs are in a high impedance state, independent of 
the OE input. 

Output OR-Tying 

Because NMC27C512s are usually used in larger memory 
arrays. National has provided a 2-line control function that 
accommodates this use of multiple memory connections. 
The 2-line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom- 
mended that CE (pin 20) be decoded and used as the pri- 


mary device selecting function, while OE (pin 22) be made a 
common connection to all devices in the array and connect- 
ed to the READ line from the system control bus. This as- 
sures that all deselected memory devices are in their low 
power standby modes and that the output pins are active 
only when data is desired from a particular memory device. 

Programming 

CAUTION: Exceeding 14V on pin 22 (Vpp) will damage the 
NMC27C512. 

Initially, and after each erasure, all bits of the NMC27C512 
are in the “1" state. Data is introduced by selectively pro- 
gramming "Os” into the desired bit locations. Although only 
“Os” will be programmed, both “Is” and “Os” can be pre- 
sented in the data word. The only way to change a “0” to a 
“1 ” is by ultraviolet light erasure. 

The NMC27C512 is in the programming mode when 
OE/Vpp is at 13.0V. It is required that at least a 0.1 jaF 
capacitor be placed across OE/Vpp, Vcc to ground to sup- 
press spurious voltage transients which may damage the 
device. The data to be programmed is applied 8 bits in par- 
allel to the data output pins. The levels required for the ad- 
dress and data inputs are TTL. 

When the address and data arejtable, an active low, TTL 
program pulse is applied to the CE input. A program pulse 
must be applied at each address location that is to be pro- 
grammed. Any location may be programmed at any time — 
either individually, sequentially, or at random. The 
NMC27C512 is designed to be programmed in either of two 
ways: single pulse programming, where each address is 
programmed with a 10 ms pulse; or Interactive program- 
ming, where each address is programmed with a series of 
0.5 ms pulses until it verifies (up to a maximum of 20 pulses 
or 10 ms). Only the interactive programming method has 
been tested. The NMC27C512_must not be programmed 
with a DC signal applied to the CE input. 

Programming multiple NMC27C512S in parallel with the 
same data can be easily accomplished due to the simplicity 
of the programming requirements. Like inputs of the paral- 
leled NMC27C512S may be connected together when they 
are programmed with the same data. A low level TTL pulse 
applied to the CE input programs the paralleled 
NMC27C512S. 


TABLE I. Mode Selection 


Pins 

CE 

OE/Vpp 

Vcc 

Outputs 

Mode 

(20) 

(22) 

(28) 

(11-13, 15-19) 

Read 

V|L 

V,L 

5 

DoUT 

Standby 

V,H 

Don’t Care 

5 

Hi-Z 

Program 

Pulsed V|H to V(L 

Vpp 

6 

D|N 

Program Verify 

ViL 

V|L 

6 

Dout 

Program Inhibit 

V|H 

Vpp 

6 

Hi-Z 
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Functional Description (Continued) 

Program Inhibit 

Programming multiple NMC27C512s in parallel with differ- 
ent data is also easily accomplished. Except for CE all like 
inputs (including OE) of the parallel NMC27C512S may be 
common. A TTL low level program pulse applied to an 
NMC27C512’s CE input with OE/Vpp at 13.0V will program 
that NMC27C512. A TTL high level CE input inhibits the 
other NMC27C512 from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with OE/Vpp at V|l. 

MANUFACTURER’S IDENTiFiCATiON CODE 

The NMC27C512 has a manufacturer’s identification code 
to aid in programming. The code, shown in Table II, is two 
bytes wide and is stored in a ROM configuration on the chip. 
It identifies the manufacturer and the device type. The code 
for the NMC27C512 is “8F45”, where "8F" designates that 
it is made by National Semiconductor, and “45” designates 
a 512k part. 

The code is accessed by applying 12V ±0.5V to address 
pin A9. Addresses A1-A8, A10-A15, CE, and OE are held 
at V|L. Address AO is held at V|l for the manufacturer’s 
code, and at V|h for the device code. The code is read out 
on the 8 data pins. Proper code access is only guaranteed 
at25°C±5°C. 

The primary purpose of the manufacturer’s identification 
code is automatic programming control. When the device is 
inserted in an EPROM programmer socket, the programmer 
reads the code and then automatically calls up the specific 
programming algorithm for the part. This automatic pro- 
gramming control is only posible with programmers which 
have the capability of reading the code. 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27C512 are such 
that erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000A-4000A 
range. Data shows that constant exposure to room-level flu- 
orescent lighting could erase the typical NMC27C512 in ap- 
proximately 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. 


Opaque lables should be placed over the NMC27C512’s 
window to prevent unintentional erasure. Covering the win- 
dow will also prevent temporary functional failure due to the 
generation of photo currents. 

The recommended erasure procedure for the NMC27C512 
is exposure to short wave ultraviolet light which has a wave- 
length of 2537 Angstroms (Aj. The integrated dose (i.e., UV 
intensity x exposure time) for erasure should be a minimum 
of 15W-sec/cm2. 

The NMC27C51 2 should be placed within 1 inch of the lamp 
tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. Table III 
shows the minimum NMC27C512 erasure time for various 
light intensities. 

An erasure system' should be calibrated periodically. The 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance. (If 
distance is doubled the erasure time increases by a factor of 
4.) Lamps lose intensity as they age. When a lamp is 
changed, the distance has changed or the lamp has aged, 
the system should be checked to make certain full erasure 
is occurring. Incomplete erasure will cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when in- 
complete erasure was the problem. 

SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current. Ice. 
has three segments that are of interest to the system de- 
signer~the standby current level, the active current level, 
and the transient current peaks that are produced by volt- 
age transitions on input pins. The magnitude of these tran- 
sient current peaks is dependent on the output capacitance 
loading of the device. The associated Vcc transient voltage 
peaks can be suppressed by properly selected decoupling 
capacitors. It is recommended that at least a 0.1 juF ceramic 
capacitor be used on every device between Vcc and GND. 
This should be a high frequency capacitor of low inherent 
inductance. In addition,' at least a 4.7 juF bulk electrolytic 
capacitor should be used between Vcc and GND for each 
eight devices. The bulk capacitor should be located near 
where the power supply is connected to the array. The pur- 
pose of the bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of the PC board traces. 


TABLE II. Manufacturer’s Identification Code 


Pins 

Aq 

O 7 

Oe 

05 

04 

03 

02 

0i 

Oo 

Hex 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(11) 

Data 

Manufacturer Code 

V|L 

1 

0 

0 

0 

1 

1 

1 

1 

8F 

Device Code 

V|H 

0 

1 

0 

0 

0 

1 

0 

1 

45 


TABLE III. Minimum NMC27C512 Erasure Time 


Light Intensity 
(Mlcro-Watts/cm2) 

Erasure Time 
(Minutes) 

15,000 

20 

10,000 

25 

5,000 

50 
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NMC27C512A 524,288-Bit 

(64k X 8) UV Erasable CMOS PROM 


General Description 

The NMC27C512A is a high-speed 512k UV erasabie and 
electrically reprogrammable CMOS EPROM, ideally suited 
for applications where fast turnaround, pattern experimenta- 
tion and low power consumption are important require- 
ments. 

The NMC27C512A is designed to operate with a single 
-I-5V power supply with ±10% tolerance. The CMOS de- 
sign allows the part to operate over Extended and Military 
Temperature Ranges. 

The NMC27C512A is packaged in a 28-pin dual in-line pack- 
age with transparent lid. The transparent lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written electrically into the device 
by following the programming procedure. 

These EPROMs are fabricated with National’s proprietary, 
time proven microCMOS double-poly silicon gate technolo- 
gy which combines high performance and high density with 
low power consumption and excellent reliability. 


Features 

■ Clocked sense amps for fast access time down to 
90 ns 

■ Low CMOS power consumption 

— Active Power: 220 mW max 

— Standby Power: 0.55 mW max 

■ Performance compatible to NSC800 CMOS microproc- 
essor 

■ Single 5V power supply 

■ Extended temperature range (NMC27C512AQE120), 
-40°C to 85°C, and military temperature range 
(NMC27C512AQM150), -55“C to 125“C, available 

■ Pin compatible with NMOS 512k EPROMS 

■ Fast and reliable programming (0.5 ms for most bytes) 

■ Static operation — no clocks required 

■ TTL, CMOS compatible inputs/outputs 

■ TRI-STATE® output 


Block Diagram 


OKTA OUTPUTS 0«-07 



A0-A15 

Addresses 

CE 

Chip Enable 

OE/Vpp 

Output Enable/Pro- 
gramming Voltage 

O 0 -O 7 

Outputs 

PGM 

Program 

NC 

No Connect 
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Connection Diagram 


27C256 

27256 

27C128 

27128 

27C64 

2764 

27C32 

2732 

27C16 

2716 

Dual-ln-Llne Package 

27C16 

2716 

27C32 

2732 

27C64 

2764 

27C128 

27128 

27C256 

27256 

Vpp 

Vpp 

Vpp 



A15 — 


28 

— Vcc 



Vcc 

Vcc 

Vcc 

A12 

A12 

A12 



A12 — 


27 

— A14 



PGM 

PGM 

A14 

A7 

A7 

A7 

A7 

A7 

A7 — 


26 

— A13 

Vcc 

Vcc 

NC 

A13 

A13 

A6 

A6 

A6 

A6 

A6 

A6 — 


25 

— AS 

A8 

A8 

A8 

A8 

A8 

A5 

A5 

A5 

A5 

A5 

A5 — 


24 

— A9 

A9 

A9 

A9 

A9 

A9 

A4 

A4 

A4 

A4 

A4 

A4 — 


23 

— All 

Vpp 

All 

A11 

All 

All 

A3 

A3 

A3 

A3 

A3 

A3 — 


22 

— K/Vw 

OE 

^/Vpp 

OE 

OE 

OE 

A2 

A2 

A2 

A2 

A2 

A2 — 


21 

— AID 

A10 

A10 

A10 

A10 

A10 

A1 

A1 

A1 

A1 

A1 

A1 — 


20 

— R 

CE/Vpp 

CE 

CE 

CE 

CE 

AO 

AO 

AO 

AO 

AO 

AO — 

10 

19 

— 0, 

O 7 

O 7 

O 7 

O 7 

O 7 

Oo 

Oo 

Oo 

Oo 

Oo 

0« — 

11 

18 

— 0, 

Oe 

Oe 

Oe 

Oe 

Oe 

Oi 

Oi 

Oi 

Oi 

Oi 

Oi — 

12 

17 

— Os 

O 5 

O 5 

O 5 

05 

O 5 

02 

02 

02 

02 

02 

Oj — 

13 

16 

— 04 

O 4 

O 4 

O 4 

04 

O 4 

GND 

GND 

GND 

GND 

GND 

GND- 

14 

15 

— Os 

O 3 

O 3 

O 3 

03 

O 3 


TL/D/9181-2 

Order Number NMC27C512AQ 
See NS Package Number J28A-Q 

Note: National’s socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C512A pins. 


Commercial Temp Range (0°C to +70°C) 


Vcc = 5V ±10% 


Parameter/Order Number 

Access Time (ns) 

NMC27C512AQ90 

90 

NMC27C512AQ120 

120 

NMC27C512AQ150 

150 

NMC27C512AQ200 

200 


Extended Temp Range 
(-40°C to +85'>C) 


Vcc = 5V ±10% 


Parameter/Order Number 

Access Time (ns) 

NMC27C512AQE120 

120 


Military Temp Range 
(-55°Cto +125X) 


Vcc = 5V ±10% 


Parameter/Order Number 

Access Time (ns) 

NMC27C512AQM150 

150 
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Absolute Maximum Ratings (Note i) 

Specifications for Miiitary /Aerospace products are not Lead Temperature (Soldering, 10 sec.) 300°C 

contained in this datasheet. Refer to the associated eSD Rating to be determined, 

reiiability eiectricai test specifications document. 

Temperature Under Bias -10°Cto +80°C OpGrating Conclitions (Note 7) 

Storage Temperature -65“Cto +125°C Vcc Power Supply 5V ±10% 

All Input Voltages and A9 with Temperature Range 

Respect to Ground +6.5Vto-0.6V NMC27C512AQ90. 120, 150, 200 0'’Cto+70°C 

All Output Voltages with NMC27C512AQE120 — 40“Cto+85°C 

Respect to Ground Vcc +0.3 to GND -0.6V NMC27C512AQM150 -55°Cto +125°C 

Vpp Supply Voltage and A9 with 
Respect to Ground + 1 3.0V to - 0.6V 

Power Dissipation 1 .OW 

Read Operation 
DC Electrical Characteristics 

Symbol 

Parameter 

Conditions 

Min 

Typ (Note 2) 

Max 

Units 

Ili 

Input Load Current 

V|N = VccorCND 



10 

liA 

Ilo 

Output Leakage Current 

VoUT = Vcc or GND CE = V|h 



10 

jliA 

•cci 

(Note 10) 

Vcc Current (Active) 
TTL Inputs 

CE = V|L, f = 5 MHZ 
All Inputs = V|H or V|l 
I/O = 0 mA 


15 

50 

mA 

Icc 2 

(Note 10) 

Vcc Current (Active) 
CMOS Inputs 

CE = GND.f = 5 MHz 
All Inputs = Vcc or GND, 
I/O = 0 mA 


10 

30 

mA 

•CCSBI 

Vcc Current (Standby) 
TTL Inputs 

<^l 

ml 

II 

< 

X 


0.1 

1 

mA 

ICCSB2 

Vcc Current (Standby) 
CMOS Inputs 

ml 

II 

o 


0.5 

100 

jxA 

V|L 

Input Low Voltage 


-0.1 


0.8 

V 

V|H 

Input High Voltage 


2.0 


Vcc +1 

V 

V0L1 

Ouput Low Voltage 

Iql = 2.1 mA 



0.45 

V 

Vqhi 

Output High Voltage 

lOH = -400 jxA 

2.4 



V 

V0L2 

Output Low Voltage 

Iql = 0 p,A 



0.1 

V 

V0H2 

Output High Voltage 

lOH = 0 fiA 

Vcc -0.1 



V 

AC Electrical Characteristics 

Symbol 

Parameter 

Conditions 

NMC27C512A 

90 

NMC27C512A 

120 

E120 

NMC27C512A 

150 

M150 

NMC27C512A 

200 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

tACC 

Address to Output 
Delay 

_i 

> 

II 

|UI 

10 

11 

|UJ 

b 


90 


120 


150 


200 

ns 

tCE 

CE to Output Delay 

_i 

> 

II 

|IU 

b 


90 


120 


150 


200 

ns 

tOE 

OE to Output Delay 

ml 

II 

< 


40 


50 


60 


75 

ns 

tOF 

OE High to Output 
Float 

> 

II 

|UJ 

b 

H 

40 

H 

40 

H 

50 


60 

ns 

tOH 

Output Hold from 
Addresses, CE or 
OE, Whichever 
Occurred First 

_i 

> 

II 

|m 

10 

11 

|m 

lo 

0 

■ 

0 

■ 

0 

■ 

■ 

■ 

ns 
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Capacitance ta = + 25 °c, f = i MHz(Note3) 


Symbol 

Parameter 

Conditions 

Typ 

Max 

Units 

C|N 

Input 

Capacitance 

> 

o 

II 

z 

> 

4 

6 

pF 

CoUT 

Output 

Capacitance 

VoUT = OV 

8 

12 

pF 


AC Test Conditions 

Output Load 1 TTL Gate and 

Cl = 100 pF (Note 9) 
Input Rise and Fall Times ^5 ns 

Input Pulse Levels 0.45V to 2.4V 

Timing Measurement Reference Level 
Inputs 1Vand2V 

Outputs 0.8V and 2V 


AC Waveforms 


ADDRESSES ^ 

\' ADDRESSES 

L VAUO 

K 

■ 


/ 







tDF (NOTE 5) - 





VALID DUTPUT 

•a 



HHIIWVVWWV 


I- Ucc (NOTE 4) 



tOH 



TL/D/9181-3 

Note 1; Stresses above those listed under ‘‘Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those Indicated in the operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

Note 2: Typical values are for Ta = +25*C and nominal supply voltages. 

Note 3: This parameter is only sampled and is not 100% tested. 

Note 4: SE may be delayed up to tAcc-tOE after the falling edge of CE without impacting tAcc- 
Note 5: The top compare level is determined as follows: 

High to TRI-STATE, the measured Vqhi (DC) -0.10V. 

Low to TRI-STATE, the measured Vqli (DC) -I-0.10V. 

Note 6: TRI-STATE may be attained using OE or CE. 

Note 7: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 ceramic capacitor be used on 
every device between Vcc and GND. 

Note 8: The outputs must be restricted to Vcc + 0-3V avoid latch-up and device damage. 

Note 9: 1 TTL Gate: Iql =1.6 mA, Iqh — —400 jxA. 

CL: 100 pF includes fixture capacitance. 

Note 10: Vpp may be connected to Vcc except during programming. 
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Programming Characteristics 

Ta = +25°C ±5°C,Vcc = 6V ± 0.25V, Vpp = 12.5 ± 0.3V (Notes 2. 3 & 4) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tAS 

Address Setup Time 


1 



jas 

tOES 

OE Setup Time 


1 



flS 

bs 

Data Setup Time 


1 



flS 

tAH 

Address Hold Time 


0 



flS 

tOH 

Data Hold Time 


1 



flS 

tpF 

Output Enable to Output Float Delay 

-i 

> 

II 

|UI 

b 

0 


60 

ns 

tpw 

Program Pulse Width 


0.5 

0.5 

10 

ms 

tOEH 

OE Hold Time 


1 



JU.S 

tpv 

Data Valid from CE 

_i 

> 

II 

|UJ 

b 



200 

ns 

tpRT 

OE Pulse Rise Time 
During Programming 


50 



ns 

tVR 

Vpp Recovery Time 


1 



p.S 

Ipp 

Vpp Supply Current During 
Programming Pulse 

CE = V,L 
OE = Vpp 



30 

mA 

Icc 

Vcc Supply Current 




10 

mA 


AC Test Conditions 

Vcc 

6V ± 0.25V 

Timing Measurement Reference Level 
Inputs 

1Vand2V 

Vpp 

12.5 ±0.3V 

Outputs 

0.8V and 2V 

Input Rise and Fall Times 
Input Pulse Levels 

^5 ns 
0.45V to 2.4V 




Programming Waveforms (Note 3) 



Note: All times shown in parentheses are minimum and in ps unless otherwise specified. 

Note 1: National’s standard product warranty applies only to devices programmed to specifications described herein. 

Note 2: Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a 
board with voltage applied to Vpp or Vcc- 

Note 3: The maximum allowable voltage which may be applied to the Vpp pin during programming is 13V. Care must be taken when switching the Vpp supply to 
prevent overshoot exceeding this 13V maximum specification. At least a 0.1 capacitor is required across Vpp, Vcc to QND to suppress spurious voltage 
transients which may damage the device. 

Note 4: Programming and program verify are tested at nominal power supply voltages. 
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Functional Description 

DEVICE OPERATION 

The five modes of operation of the NMC27C512A are listed 
[n Table 1. It should be noted that all inputs for the five 
modes are at TTL levels. The power supplies required are 
Vcc and Vpp. The Vpp power supply must be at 12.5V dur- 
ing the three programming modes, and must be at 5V in the 
other two modes. The Vcc power supply must be at 6V 
during the three programming modes, and at 5V in the other 
two modes. 

Read Mode 

The NMC27C512A has two control functions, both of which 
must be logically active in order to obtain data at the out- 
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. Assuming that addresses 
are stable, address access time (tAcc) is equal to the delay 
from CE to output (tcs)- Data is available at the outputs toE 
after the falling edge of OE, assuming that CE has been low 
and addresses have been stable for at least tAcc-toE- 
The sense amps are clocked for fast access time. Vcc 
should therefore be maintained at operating voltage during 
read and verify, if Vcc temporarily drops below the spec, 
voltage (but not to ground) an address transition must be 
performed after the drop to insure proper output data. 

Standby Mode 

The NMC27C512A has a standby mode which reduces the 
active power dissipation by over 99%, from 220 mW to 
0.55 mW. The NMC27C512A is placed in the standby mode 
by applying a CMOS high signal to the CE input. When in 
standby mode, the outputs are in a high impedance state, 
independent of the OE input. 

Output OR-Ty!ng 

Because NMC27C512A are usually used in larger memory 
arrays. National has provided a 2-line control function that 

accommodates this use of multiple memory connections. 
The 2-line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom- 
mended that CE (pin 20) be decoded and used as the pri- 
mary device selecting function, while OE (pin 22) be made a 
common connection to all devices in the array and connect- 
ed to the READ line from the system control bus. This as- 
sures that all deselected memory devices are in their low 
power standby modes and that the output pins are active 
only when data is desired from a particular memory device. 

Programming 

CAUTION: Exceeding 13V on pin 1 (Vpp) will damage the 
NMC27C512A. 

Initially, and after each erasure, all bits of the NMC27C512A 
are in the “1” state. Data is introduced by selectively pro- 
gramming "Os” into the desired bit locations. Although only 
“Os" will be programmed, both “Is" and “Os” can be pre- 
sented in the data word. The only way to change a “0” to a 
“1" is by ultraviolet light erasure. 

The NMC27C512A is in the programming mode when the 
Vpp power supply is at 12.5V and OE is at V|h. It is required 
that at least a 0.1 p.F capacitor be placed across Vpp, Vcc 
to ground to suppress spurious voltage transients which 
may damage the device. The data to be programmed is 
applied 8 bits in parallel to the data output pins. The levels 
required for the address and data inputs are TTL. 

When the address and data are stable, an active low, TTL 
program pulse is applied to the CE input. A program pulse 
must be applied at each address location to be pro- 
grammed. Any location may be programmed at any time — 
either individually, sequentially, or at random. The 


TABLE 1. Mode Selection 



Pins 

Mode 

CE 

(20) 

OE/Vpp 

(22) 

Vcc 

(28) 

Outputs 

(11-13,15-19) 

Read 

ViL 

V|L 

5 

DqUT 

Standby 

V|H 

Don't Care 

5 

Hi-Z 

Program 

Pulsed V|H to V|L 

Vpp 

6 

D|n 

Program Verify 

V|L 

V|L 

6 

DoUT 

Program Inhibit 

V,H 

Vpp 

6 

Hi-Z 
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Functional Description (Continued) 

NMC27C512A is designed to be programmed in either of 
two ways: single pulse programming, where each address is 
programmed with a fO ms pulse; or interactive program- 
ming, where each address is programmed with a series of 
0.5 ms pulses until it verifies (up to a maximum of 20 pulses 
or 10 ms). Only the interactive programming method has 
been tested. The NMC27C512A must not be programmed 
with a DC signal applied to the CE input. 

Programming multiple NMC27C512A in parallel with the 
same data can be easily acccomplished due to the simplici- 
ty of the programming requirements. Like inputs of the par- 
alleled NMC27C512A may be connected together when 
they are programmed with the same data. A low level TTL 
pulse applied; to the CE input programs the paralleled 
NMC27C512A. 

Program Inhibit 

Programming multiple NMC27C512A in parallel with differ- 
ent data is also easily accomplished. Except CE all like in- 
puts (including OE) of the parallel NMC27C512A may be 
common. A TTL low level program pulse applied to an 
NMC27C512A CE input with Vppj^12.5V will program that 
NMC27C512A. A TTL high level CE input inhibits the other 
NMC27C512A from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with Vpp at 12.5V. Except during 
programming and program verify, Vpp must be at Vcc- 

Manufacturer’s identification Code 

The NMC27C512A have a manufacturer’s identification 
code to aid in programming. When the device is inserted in 
an EPROM programmer socket, the programmer reads the 
code and then automatically calls up the specific program- 
ming algorithm for the part. This automatic programming 
control is only possible with programmers which have the 
capability of reading the code. 

The Manufacturer’s Identification code, shown in Table II, 
specifically identifies the manufacturer and the device type. 
The code for NMC27C512A is “8F04”, where “SF” desig- 
nates that it is made by National Semiconductor, and “04” 
designates a 256k part. 

The code is accessed by applying 11.4V to 12.0V to ad- 
dress pin A9. Addresses A1 -A 8 , A1 0-A1 4, and all control 
pins are held at V|i_. Address pin AO is held at V|l for the 
manufacturer’s code, and held at V|h for the device code. 
The code is read on the eight data pins, O 0 -O 7 . Proper 
code access is only guaranteed at 25°C ± 5'’C. 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27C512A are such 
that erasure begins to occur when exposed to light with 


wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000A-4000A 
range. Data shows that constant exposure to room-level flu- 
orescent lighting could erase the typical NMC27C512A in 
approximately 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. 
Opaque labels should be placed over the NMC27C512A 
window to prevent unintentional erasure. Covering the win- 
dow will also prevent temporary functional failure due to the 
generation of photo currents. 

The recommended erasure procedure for the 
NMC27C512A is exposure to short wave ultraviolet light 
which has a wavelength of 2537 Angstroms (A). The inte- 
grated dose (i.e., UV intensity x exposure time) for erasure 
should be a minimum of 1 5W-sec/cm2. 

The NMC27C512A should be placed within 1 inch of the 
lamp tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. Table III 
shows the minimum NMC27C512A erasure time for various 
light intensities. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance. (If 
distance is doubled the erasure time increases by a factor of 
4.) Lamps lose intensity as they age. When a lamp is 
changed, the distance has changed, or the lamp has aged, 
the system should be checked to make certain full erasure 
is occurring. Incomplete erasure will cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when in- 
complete erasure was the problem. 

SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current. Ice. 
has three segments that are of interest to the system de- 
signer — the standby current level, the active current level, 
and the transient current peaks that are produced by volt- 
age transitions on input pins. The magnitude of these tran- 
sient current peaks is dependent on the output capacitance 
loading of the device. The associated Vcc transient voltage 
peaks can be suppressed by properly selected decoupling 
capacitors. It is recommended that at least a 0.1 juF ceramic 
capacitor be used on every device between Vcc and GND. 
This should be a high frequency capacitor of low inherent 
inductance. In addition, at least a 4.7 p.F bulk electrolytic 
capacitor should be used between Vcc and GND for each 
eight devices. The bulk, capacitor should be located near 
where the power supply is connected to the array. The pur- 
pose of the bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of the PC board traces. 


TABLE II. Manufacturer’s Identification Code 


Pins 

Aq 

O 7 

Oe 

05 

04 

03 

02 

0i 

Oo 

Hex 

(21) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

Data 

Manufacturer Code 

V|L 

1 

0 

0 

0 

1 

1 

1 

1 

8F 

Device Code 

V|L 

0 

0 

0 

0 

0 

1 

0 

0 

04 
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Functional Description (Continued) 


TABLE III. Minimum NMC27C512A Erasure Time 


Light Intensity 
(Mlcro-Watts/cm2) 

Erasure Time 
(Minutes) 

15,000 

20 

10,000 

25 

5,000 

50 
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ADVANCED INFORMATION 


microCMOS 


NMC27C1023 

1,048,576-Bit (128k x 8) UV Erasable CMOS PROM 


General Description 

The NMC27C1023 is a high-speed 1024k UV erasable and 
electrically reprogrammable CMOS EPROM, ideally suited 
for applications where fast turnaround, pattern experimenta- 
tion and low power consumption are important require- 
ments. 

The NMC27C1 023 is designed to operate with a single + 5V 
power supply with ±10% tolerance. The CMOS design al- 
lows the part to operate over Extended and Military Temper- 
ature Ranges. 

The NMC27C1 023 is packaged in a 32-pin dual in-line pack- 
age with transparent lid. The transparent lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written electrically into the device 
by following the programming procedure. 

These EPROMs are fabricated with National’s proprietary, 
time proven microCOMS double-poly silicon gate technolo- 
gy which combines high performance and high density with 
low power consumption and excellent reliability. 


Features 

■ Clocked sense amps for fast access time down to 
90 ns 

■ Low CMOS power consumption 

— Active Power: 165 mW max 

— Standby Power: 0.55 mW max 

■ Performance compatible to NSC800 CMOS microproc- 
essor 

■ Single 5V power supply 

■ Extended temperature range (NMC27C1023QE120), 
— 40°C to 85°C and military temperature range 
{NMC27C1023QM150), -55°C to 125°C, available 

■ Pin compatible with NMOS bytewide 1024k EPROMs 

■ Fast and reliable programming (0.5 ms for most bytes) 

■ Static operation — no clocks required 

■ TTL, CMOS compatible inputs/outputs 

■ TRI-STATE® output 


Block Diagram 


DATA OUTPUTS Og-Or 



A0-A16 

Addresses 

CE 

Chip Enable 

OE 

Output Enable 

O 0 -O 7 

Outputs 

PGM 

Program 

NC 

No Connect 
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Connection Diagram 


27C512 

27512 

27C256 

27256 

27C128 

27128 

27C64 

2764 

A15 

Vpp 

Vpp 

Vpp 

A12 

A12 

A12 

A12 

A7 

A7 

A7 

A7 

A6 

A6 

A6 

A6 

A5 

A5 

A5 

A5 

A4 

A4 

A4 

A4 

A3 

A3 

A3 

A3 

A2 

A2 

A2 

A2 

A1 

A1 

A1 

A1 

AO 

AO 

AO 

AO 

Oo 

Oo 

Oo 

Oo 

Oi 

Oi 

Oi 

Oi 

02 

02 

02 

02 

GND 

GND 

GND 

GND 



TL/D/9182-2 

Order Number NMC27C1023Q 


27C64 

2764 

27C128 

27128 

27C256 

27256 

27C512 

27512 

Vcc 

Vcc 

Vcc 

Vcc 

PGM 

PGM 

A14 

A14 

NC 

A13 

A13 

A13 

A8 

A8 

A8 

A8 

A9 

A9 

A9 

A9 

A11 

A11 

A11 

A11 

OE 

OE 

OE 

OE/Vpp 

A10 

A10 

A10 

A10 

CE 

CE 

CE/PGM 

CE 

O 7 

O 7 

O 7 

O 7 

06 

06 

06 

Oe 

O 5 

O 5 

O 5 

O 5 

O 4 

O 4 

O 4 

O 4 

O 3 

O 3 

O 3 

O 3 


Note: National’s socket compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C1023 pins. 


Commercial Temperature Range (0°C to +70°C) 

Vcc ^ 5V ±10% 

' Parameter/Order Number Access Time (ns) 


NMC27C1023Q90 90 



Extended Temp Range 
(-40“Cto +85°C) 
Vcc = 5V ±10% 


Parameter/Order Number 

Access Time (ns) 

NMC27C1023QE120 

120 


Military Temp Range 
(-55X to + 125°C) 


Vcc = 5V ±10% 















NMC27C1023 


Absolute Maximum Ratings (Note d 

Specifications for Miiitary/ Aerospace products are not Lead Temperature (Soldering, 10 sec.) 300°C 

contained in this datasheet. Refer to the associated ^SD Rating to be determined, 

reiiabiiity eiectricai test specifications document. 

Temperature Under Bias -lO'Cto -t-80°C OpGrating ConcHtiOnS (Note 7) 

Storage Temperature -65'Cto +125°C Vcc Power Supply 5V±10% 

All Input Voltages and A9 with Temperature Range 

Respect to Ground +6.5Vto-0.6V NMC27C1023Q90, 120, 150, 200 0°Cto+70'C 

Ali Output Voltages with NMC27C1023QE120 -40°Cto +85'C 

Respect to Ground Vcc + 0.3toGND - 0.6V NMC27C1023QM150 -55°Cto + 125“C 

Vpp Supply Voltage and A9 

with Respect to Ground + 1 3.0V to - 0.6V 

Power Dissipation 1 .OW 

Read Operation 
DC Electrical Characteristics 

Symbol 

Parameter 

Conditions 

Min 

Typ (Note 2) 

Max 

Units 

Ili 

input Load Current 

V|(\| = Vcc or GND 



10 

/xA 

>LO 

Output Leakage Current 

VoUT = Vcc Of GND CE = V|h 



10 

jxA 

Icci 

(Note 10) 

Vcc Current (Active) 
TTL inputs 

CE = V|L, f = 5 MHz 

All Inputs = V|H or V|L, I/O = 0 mA 


15 

60 

mA 

Icc 2 

(Note 10) 

Vcc Current (Active) 
CMOS Inputs 

CE = GND, f = 5 MHz 

All Inputs = Vcc or GND, I/O = 0 mA 


10 

40 

mA 

ICCSBI 

Vcc Current (Standby) 
TTL Inputs 

I 
> 

II 

|UJ 

lo 


0.1 

1 

mA 

ICCSB2 

Vcc Current (Standby) 
CMOS Inputs 

o| 

ml 

II 

< 

o 

o 


0.5 

100 

jxA 

V|L 

Input Low Voltage 


-0.1 


0.8 

V 

V|H 

Input High Voitage 


2.0 


Vcc+ 1 

V 

VoL1 

Output Low Voltage 

Iql = 2.1 mA 



0.45 

V 

V0H1 

Output High Voitage 

Iqh = -400 fx,A 

2.4 



V 

V0L2 

Output Low Voitage 

Iql = 0 /xA 



0.1 

V 

VOH2 

Output High Voitage 

Iqh = 0 fxA 

< 

o 

o 

1 

p 



V 

AC Eiectricai Characteristics 

Symbol 

Parameter 

Conditions 

NMC27C1023 

90 

NMC27C1023 

120 

E120 

NMC27C1023 

150 

M150 

NMC27C1023 

200 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Ucc 

Address to Output 
Delay 

_i 

> 

II 

|m 

10 

11 

|m 

lo 


90 


120 


150 


200 

ns 

tCE 

CE to Output Delay 

_i 

> 

II 

ILU 

lo 


90 


120 


150 


200 

ns 

tOE 

OE to Output Delay 

_l 

> 

II 

|m 

lo 


40 


50 


60 


75 

ns 

tpF 

OE High to Output 
Float 

ml 

II 

< 

0 

40 

0 

40 

D 

50 


60 

ns 

tOH 

Output Hold from 
^dresses, CE or 
OE, Whichever 
Occurred First 

CE = OE = V|L 

0 

■ 

a 

■ 

■ 

■ 

B 

■ 

ns 
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Capacitance ta - + 25 °c,f = i mhz (Notes) 


Symbol 

Parameter 

Conditions 

Typ 

Max 

Units 

C|N 

Input 

Capacitance 

< 

2 

II 

O 

< 

4 

6 

pF 

Gout 

Output 

Capacitance 

VouT = OV 

8 

12 

pF 


AC Test Conditions 

Output Load 1 TTL Gate and 

Cl=100pF (Note 9) 

Input Rise and Fall Times ^ 5 ns 

Input Pulse Levels 0.45V to 2.4V 

Timing Measurement Reference Level 
Inputs 1Vand2V 

Outputs 0.8V and 2V 


AC Waveforms 



TL/D/9182-3 

Note 1: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of this specification Is not Implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

Note 2: Typical values are for = +25°C and nominal supply voltages. 

Note 3: This parameter Is only sampled and is not 100% tested. 

Note 4: OE may be delayed up to tAcc~*OE tha falling edge of CE without impacting tAcc- 
Note 5: The toHZ compare level is determined as follows: 

High to TRI-STATE, the measured Vohi (DC) - 0.10V 
Low to TRI-STATE, the measured Vqli (DC) + 0.10V 
Note 6: TRI-STATE may be attained using OE or CE. 

Note 7: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 pF ceramic capacitor be used on 
every device between Vqc and GND. 

Note 8: The outputs must be restricted to Vcc + 0-3V to avoid latch-up and device damage. 

Note 9: 1 TTL Gate: Iql =1.6 mA, Iqh = —400 jiA. 

C[_: 100 pF includes fixture capacitance. 

Note 10: Vpp may be connected to Vcc except during programming. 
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NMC27C1023 


Programming Characteristics 


Ta = +25°C ±5°C, Vcc = 6V ± 0.25V, Vpp = 12.5 +0.3V (Notes 2, 3. & 4) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tAS 

Address Set-Up Time 


1 



JXS 

tOES 

OE Set-Up Time 


1 



flS 

tos 

Data Set-Up Time 


1 



flS 

tAH 

Address Hold Time 


0 



JUS 

tcH 

Data Hold Time 


1 



JXS 

tCES 

CE Set-Up Time 


1 



flS 

Ucc 

Address to Output Delay 




200 

ns 

tCF 

Output Enable to Output Float Delay 

ml 

II 

< 

0 


60 

ns 

k)E 

Output Enable to Output Delay 

> 

II 

ILU 

lo 



75 

ns 

tpw 

Program Pulse Width 


0.5 

0.5 

10 

ms 

Ipp 

Vpp Supply During Programming Pulse 

ml 

II 

< 



30 

mA 

icc 

Vcc Supply Current 




10 

mA 


AC Test Conditions 

Vcc 

Vpp 

Input Rise and Fall Times 


6V ± 0.25V 
12.5V ±0.3V 
5 ns 


Input Pulse Levels 0.45V to 2.4V 

Timing Measurement Reference Level 
Inputs 1Vand2V 

Outputs 0.8V and 2V 


Programming Waveforms (Note 3) 



Note: All times shown In parentheses are minimum and in ps unless otherwise specified. 

Toe and Tdf are characteristics of the device but must be accommodated by the programmer. 


Note 1: National’s standard product warranty applies only to devices programmed to specifications described herein. 

Note 2; Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The EPROM must not be inserted into or removed from a 
board with voltage applied to Vpp or Vcc- 

Note 3: The maximum allowable voltage which may be appiied to the Vpp pin during programming is 13V. Care must be taken when switching the Vpp supply to 
prevent overshoot exceeding this 13V maximum specification. At least a 0.1 jxF capacitor Is required across Vpp, Vcc to GND to suppress spurious voltage 
transients which may damage the device. 

Note 4: Programming and program verify are tested at nominal power supply voltages. 
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Interactive Programming Flow Chart 
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Functional Description 

DEVICE OPERATION 

The five modes of operation of the NMC27C1023 are listed 
in Table I. It should be noted that all inputs for the five 
modes are at TTL levels. The power supplies required are 
Vcc and Vpp. The Vpp power supply must be at 12.5V dur- 
ing the three programming modes, and must be at 5V in the 
other two modes. The Vcc power supply must be at 6V 
during the three programming modes, and at 5V in the other 
two modes. 

Read Mode 

The NMC27C1023 has two control functions, both of which 
must be logically active in order to obtain data at the out- 
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. Assuming that addresses 
are stable, address access time (tACc) is equal to the delay 
from CE to output (tee)- Data is available at the outputs toE 
after the falling edge of OE, assuming that CE has been low 
and addresses have been stable for at least tAcc-^OE- 
The sense amps are clocked for fast access time. Vcc 
shouid therefore be maintained at operating voltage during 
read and verify. If Vcc temporarily drops below the spec, 
voltage (but not to ground) an address transition must be 
performed after the drop to insure proper output data. 

Standby Mode 

The NMC27C1023 have a standby mode which reduces the 
active power dissipation by over 99%, from 165 mW to 0.55 
mW. The NMC27C1023 are placed in the standby mode by 
applying a CMOS high signal to the CE input. When in 
standby mode, the outputs are in a high impedance state, 
independent of the OE input. 

Output OR-Tying 

Because NMC27C1023 are usually used in larger memory 
arrays. National has provided a 2-line control function that 
accommodates this use of muitiple memory connections. 
The 2-line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom- 
mended that CE be decoded and used as the primary de- 
vice selecting function, while OE be made a. common con- 
nection to all devices in the array and connected to the 
READ line from the system control bus. This assures that all 
deselected memory devices are in their iow power standby 
modes and that the output pins are active only when data is 
desired from a particular memory device. 

Programming 

CAUTION: Exceeding 13V on the Vpp or A9 pin will damage 
the NMC27C1023. 

Initially, and after each erasure, all bits of the NMC27C1023 
are in the “1” state. Data is introduced by selectiveiy pro- 


gramming “O’s” into the desired bit locations. Although only 
“O’s” will be programmed, both “1’s” and “O’s” can be pre- 
sented in the data word. The only way to change a “0” to a 
“1” is by ultraviolet light erasure. 

The NMC27C1023 is in the programing mode when the 
Vpp power supply is at 12.5V and OE is at V|h. It is required 
that at least a 0.1 juF capacitor be placed across Vpp, Vcc 
to ground to suppress spurious voitage transients which 
may damage the device. The data to be programmed is 
applied 8 bits in parallel to the data output pins. The levels 
required for the address and data inputs are TTL. 

When the address and data ar e sta ble, an active low, TTL 
program pulse is applied to the PGM input. A program pulse 
must be applied at each address location to be pro- 
grammed. Any location may be programmed at any time — 
either individually, sequentially, or at random. The 
NMC27C1023 is designed to be programmed in either of 
two ways: single pulse programming, where each address is 
programmed with a 10 ms puise; or interactive program- 
ming, where each address is programmed with a series of 
0.5 ms pulses until it verifies (up to a maximum of 20 pulses 
or 10 ms). Only the interactive programming method has 
been tested. The NMC27C102 3 mus t not be programmed 
with a DC signal applied to the PGM input. 

Programming multiple NMC27C1023 in parallel with the 
same data can be easily accomplished due to the simplicity 
of the programming requirements. Like inputs of the parallel 
NMC27C1023 may be connected together when they are 
programmed wit h the same data. A low level TTL pulse ap- 
plied to he PGM input programs the paralleled 
NMC27C1023. 

Program Inhibit 

Programming multiple NMC27C1023 in parallel differ- 
ent data is also ej^ly accomplished. Except for CE all like 
inputs (including OE) of the parallel NMC27C1023 may be 
common. A T TL lo w level program pulse applied to an 
NMC27C1023 PGM input with Vpp at 12.5V will program 
that NMC27C1023. A TTL high level CE input inhibits the 
other NMC27C1023 from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with Vpp at 12.5V. Except during 
programming and program verify, Vpp must be at Vcc- 

Manufacturer’s Identification Code 

The NMC27C1023 have a manufacturer’s identification 
code to aid in programming. When the device is inserted in 
an EPROM programmer socket, the programmer reads the 
code and then automatically calls up the specific program- 
ming algorithm for the part. This automatic programming 
control is only possible with programmers which have the 
capability of reading the code. 
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Functional Description (Continued) 


TABLE I. Mode Selection 


Pins 

CE 

(22) 

OE 

(24) 

PGM 

(31) 

Vpp 

(1) 

Vcc 

(32) 

Outputs 

(13-15,17-21) 

Mode 

Read 

VlL 

V|L 

V|H 

Vcc 

5 

Dour 

Standby 

V|H 

Don’t Care 

Don’t Care 

Vcc 

5 

Hi-Z 

Program 

V|L 

V|H 

“LT 

11.5 

6 

D|N 

Program Verify 

V|L 

V|L 

V|H 

11.5 

6 

Dqut 

Program Inhibit 

V|H 

Don’t Care 

Don’t Care 

11.5 

6 

Hi-Z 


TABLE II. Manufacturer’s Identificatllon Code 


Pins 

Ao 

O7 

Oe 

O5 

04 

03 

O2 

Oi 

Oo 

Hex 

(12) 

(21) 

(20) 

(19) 

(18) 

(17) 

(15) 

(14) 

(13) 

Data 

Manufacturer Code 

V|L 

1 

0 

0 

0 

1 

1 

1 

1 

8F 

Device Code 

V|H 

1 

0 

0 

0 

0 

1 

1 

0 

86 


The Manufacturer’s Identification code, shown in Table II, 
specifically identifies the manufacturer and the device type. 
The code for the NMC27C1023 is “8F86”, where “8F” des- 
ignates that it is made by National Semiconductor, and “86” 
designates a 1 Megabit byte-wide part. 

The code is accessed by applying 11.4V to 12.0V to ad- 
dress pin A9. Addresses A1-A8, A10-A16, and all control 
pins are held at V|l. Address pin AO is held at V|l for the 
manufacturer’s code, and held at V|h for the device code. 
The code is read on the eight data pins, O0-O7. Proper 
code access is only guaranteed at 25°C ±5“C. 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27C1023 are such 
that erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should bo noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000A-4000A 
range. Data shows that constant exposure to room-level flu- 
orescent lighting could erase the typical NMC27C1023 in 
approximately 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. 
Opaque labels should be placed over the NMC27C1023 
window to prevent unintentional erasure. Covering the win- 
dow will also prevent temporary functional failure due to the 
generation of photo currents. 

The recommended erasure procedure for the NMC27C1023 
is exposure to short wave ultraviolet light which has a wave- 
length of 2537 Angstroms (A). The integrated dose (i.e., UV 
intensity x exposure time) for erasure should be a minimum 
of 15W-sec/cm2. 

The NMC27C1023 should be placed within 1 inch of the 
lamp tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. Table III 
shows the minimum NMC27C1023 erasure time for various 
light intensities. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one inch. 


The erasure time increases as the square of the distance. (If 
distance is doubled the erasure time increases by a factor of 
4.) Lamps lose intensity as they age. When a lamp is 
changed, the distance has changed, or the lamp has aged, 
the system should be checked to make certain full erasure 
is occurring. Incomplete erasure will cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when In- 
complete erasure was the problem. 

SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current. Ice. 
has three segments that are of interest to the system de- 
signs)— the standby current level, the active current level, 
and the transient current peaks that are produced by volt- 
age transitions on input pins. The magnitude of these tran- 
sient current peaks is dependent on the output capacitance 
loading the device. The associated Vcc transient voltage 
peaks can be suppressed by properly selected decoupling 
capacitors. It is recommended that at least a 0.1 juF ceramic 
capacitor be used on every device between Vcc and GND. 
This should be a high frequency capacitor of low inherent 
inductance. In addition, at least a 4.7 ju,F bulk electrolytic 
capacitor should be used between Vcc and GND for each 
eight devices. The bulk capacitor should be located near 
where the power supply is connected to the array. The pur- 
pose of the bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of the PC board traces. 


TABLE III. NMC27C1023 
Minimum Erasure Time 


Light Intensity 
(Mlcro-Watts/cm2) 

Erasure Time 
(Minutes) 

15,000 

20 

10,000 

25 

5,000 

50 
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NMC27C1024 


National PRELIMINARY 

Semiconductor 
Corporation 

NMC27C1024 
1,048,576-Bit (64k x 16) UV Erasable CMOS PROM 




General Description 

The NMC27C1024 is a high-speed 1024k UV erasable and 
electrically reprogrammable CMOS EPROM, ideally suited 
for applications where fast turnaround, pattern experimenta- 
tion and low power consumption are important require- 
ments. 

The NMC27C1 024 is designed to operate with a singie -I- 5V 
power supply with ±10% toierance. The CMOS design ai- 
lows the part to operate over extended and miiitary temper- 
ature ranges. 

The NMC27C1024 is packaged in a 40-pin duai in-iine pack- 
age with transparent lid. The transparent lid ailows the user 
to expose the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written eiectrically into the device 
by following the programming procedure. 

This EPROM is fabricated with Nationai’s proprietary, time 
proven microCMOS double-poly silicon gate technology 
which combines high performance and high density with low 
power consumptio.i and excellent reliability. 


Features 

■ Clocked sense amps for fast access time down 
to 90 ns 

■ Low CMOS power consumption 

— Active Power: 275 mW max 

— Standby Power: 550 ju.W max 

■ Performance compatible to 16-bit and 32-bit 
microprocessors 

■ Single 5V power supply 

■ Extended temperature range (NMC27C1024QE120), 
— 40°C to +85'’C, and military temperature range 
(NMC27C1024QM150), -55°C to +125°C, available 

■ Pin compatibie with NMOS wordwide 1024k EPROMs 

■ Fast and reiiabie programming (0.5 ms for most bytes) 

■ Static operation — no clocks required 

■ TTL, CMOS compatible inputs/outputs 

■ TRI-STATE® output 


Block Diagram 



TL/D/8806-1 


Pin Names 


A0-A15 

Addresses 

CE 

Chip Enable 

OE 

Output Enable 

Oo-Oi5 

Outputs 

PGM 

Program 

NC 

No Connect 
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Connection Diagram 

Duat-ln-Llne Package 


-Vcc 
— PCS 
— NC 

— A, 5 
“Ai4 
“A, 3 

— A, 2 
-A,, 

— A,o 
— Ag 
— GND 

“Ag 

-Ae 

-Ag 

-A4 
-A5 
-Az 
-Ai 
“Aq 

TL/D/8806-2 

Order Number NMC27C1024Q 
See NS Package Number J40A 


Commercial Temp Range (0°C to +70°C) 

Vcc = 5V ±10% 


Parameter/Order Number 

Access Time (ns) 

NMC27C1024Q90 

90 

NMC27C1024Q120 

120 

NMC27C1024Q150 

150 

NMC27C1024Q200 

200 


Vcc = 5V ±10% Extended Temperature (-40°C to ±85°C) 


Parameter/Order Number 

Access Time (ns) 

NMC27C1024QE120 

120 


Vcc = 5V ±10% Military Temperature Range (-55°Cto ±125“C) 


Parameter/Order Number 

Access Time (ns) 

NMC27C1024QM150 

150 


Vpp — 

1 



40 

CE- 

2 

39 

O 15 - 

3 

38 

0,4- 

4 

37 

0l3“ 

S 

36 

0,2 — 

6 

35 

0„- 

7 

34 

0,0 — 

8 

33 

09- 

9 

32 

°8- 

10 

31 

GND- 

11 

30 

O7- 

12 

29 

Oe- 

13 

28 

05- 

14 

27 

04- 

15 

26 

03- 

16 

25 

02- 

17 

24 

0,- 

18 

23 

Oo- 

19 

22 

(5E- 

20 

21 
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Absolute Maximum Ratings (Note i) 

Specifications for Military /Aerospace products are not Power Dissipation 1.0W 

contained in this datasheet. Refer to the associated Lead Temperature (Soldering, 10 sec.) 300°C 

reliability electrical test specifications document. determined. 

Temperature Under Bias - 10°C to + 80°C 

Storage Temperature -65°Cto +125°C Operating ConditiORS (Note?) 

All Input Voltages except A9 Temperature Range 

Respect to Ground +6.5Vto-0.6V NMC27C1024Q90, 120, 150, 200 0°Cto+70°C 

All Output Voltages with NMC27C1 024QE1 20 - 40°C to + 85°C 

Respect to Ground Vcc+0.3 to GND-0.6V NMC27C1024QM150 -55°Cto +125'>C 

Vpp Supply Voltage and A9 with Vcc Power Supply 5V ±10% 

Respect to Ground + 1 3.0V to - 0.6V 

READ OPERATION 
DC Electrical Characteristics 

Symbol 

Parameter 

Conditions 

Min 

Typ (Note 2) 

Max 

Units 

Ili 

Input Load Current 

V|N “ VccorGND 



10 

fiA 

Ilo 

Output Leakage Current 

VOUT = Vcc Of GND, CE = V|h 



10 

fiA 

lcci 

(Note 10) 

Vcc Current (Active) 
TTL Inputs 

CE = ViL, f = 5 MHz 
Inputs = V|H or V|L 
I/O = 0 mA 


20 

70 

mA 

ICC2 

(Note 10) 

Vcc Current (Active) 
CMOS Inputs 

CE = GND, f = 5 MHz 
Inputs = Vcc or GND, 
I/O = 0 mA 


15 

50 

mA 

ICCSBI 

Vcc Current (Standby) 
TTL Inputs 

X 

> 

II 

|m 

b 


0.1 

1 

mA 

ICCSB2 

Vcc Current (Standby) 
CMOS Inputs 

ml 

II 

< 

o 

o 


0.5 

100 

JU.A 

V|L 

Input Low Voltage 


-0.1 


0.8 

V 

VlH 

Input High Voltage 


2.0 


Vcc + 1 

V 

V0L1 

Output Low Voltage 

Iql = 2.1 mA 



0.45 

V 

VOHI 

Output High Voltage 

Iqh = “400 jxA 

CVJ 



V 

VqL2 

Output Low Voltage 

Iql = 0 p,A 



0.1 

V 

VqH2 

Output High Voltage 

Iqh = 0 fiA 

d 

1 

o 

o 

> 



V 

AC Eiectrical Characteristics 

Symbol 

Parameter 

Conditions 

NMC27C1024 

90 

NMC27C1024 
120 E120 

NMC27C1024 
150 M150 

NMC27C1024 

200 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Ucc 

Address to Output 
Delay 

_i 

> 

II 

|LU 

10 

11 

|m 

b 


90 


120 


150 


200 

ns 

tCE 

CE to Output Delay 

_i 

> 

II 

|UJ 

b 


90 


120 


150 


200 

ns 

^OE 

OE to Output Delay 

_i 

> 

II 

|iij 

b 


40 


50 


60 


75 

ns 

tOF 

OE High to Output 
Float 

_i 

> 

II 

|UJ 

b 

B 

40 

B 

40 

B 

50 

B 

60 

ns 

tOH 

Output Hold from 
Addresses, CE or 
OE, Whichever 
Occurred First 

_i 

> 

II 

|UJ 

10 

11 

|UJ 

b 

D 

■ 

B 

1 

B 

fl 

B 

fl 

ns 
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Capacitance ta = +25°c,f = i mhz (Notes) 


Symbol 

Parameter 

Conditions 

Typ 

Max 

Units 

C|N 

Input Capacitance 

< 

z 

II 

o 

< 

8 

10 

pF 

Gout 

Output Capacitance 

VOUT = OV 

10 

15 

pF 


AC Test Conditions 

Output Load 1 TTL Gate and Cl = 100 pF (Note 9) Timing Measurement Reference Level 

Input Rise and Fall Times ^5 ns Inputs 1Vand2V 

Input Pulse Levels 0.45V to 2.4V Outputs 0.8V and 2V 


AC Waveforms 



TL/D/8806-3 

Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of this specification Is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

Note 2: Typical values are for Ta = +25°C and nominal supply voltages. 

Note 3: This parameter is only sampled and is not 100% tested. 

Note 4: OE may be delayed up to tAcc-tOE after the falling edge of CE without impacting tAcc- 
Note 5: The top compare level is determined as follows: 

High to TRI-STATE, the measured Vqhi (DC) ~ 0.10V 
Low to TRI-STATE, the measured Vqli (DC) + 0.10V 
Note 6: TRI-STATE may be attained using OE or CE. 

Note 7: The power switching characteristics of EPROMs require careful device decoupling. It is recommended that at least a 0.1 jiF ceramic capacitor be used on 
every device between Vcc and GND. 

Note 8: The outputs must be restricted to Vcc +0.3V to avoid latch-up and device damage. 

Note 9: 1 TTL Gate: Iql =1.6 mA, Iqh = ~400 /lA. 

CL: 100 pF includes fixture capacitance. 

Note 10: Vpp may be connected to Vcc except during programming. 





NMC27C1024 


Programming Characteristics 

Ta = +25°c ±5°C, Vcc = 6V ± 0.25V, Vpp = 12.5 ±0.3V (Notes 2. 3, & 4) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tAS 

Address Set-Up Time 


1 



flS 

tOES 

OE Set-Up Time 


1 



flS 

tos 

Data Set-Up Time 


1 



flS 

tAH 

Address Hoid Time 


0 



flS 

tOH 

Data Hold Time 


1 



IXS 

tCES 

CE Set-Up Time 


1 



JLtS 

Ucc 

Address to Output Delay 




250 

ns 

tOF 

Output Enable to Output Float Delay 

CE = V,L 

0 


60 

ns 

tOE 

Output Enable to Output Delay 

_i 

> 

II 

|LU 

b 



100 

ns 

tpw 

Program Pulse Width 


0.5 

0.5 

10 

ms 

Ipp 

Vpp Supply Current During 
Programming Pulse 

_i 

> 

II 

|LU 

lo 



30 

mA 

icc 

Vcc Supply Current 




10 

mA 


AC Test Conditions 



Vcc 

6V ± 0.25V 

Timing Measurement Reference Level 

Vpp 

12.5V ±0.3V 

Inputs 

Input Rise and Fall Times 

^ 20 ns 

Outputs 

Input Pulse Levels 

0.45V to 2.4V 



Programming Waveforms (Note 3 ) 



Note: All times shown in parentheses are minimum and in ps unless otherwise specified. 
Toe and Tqf are characteristics of the device but must be accommodated by the pro- 
grammer. 


IV and 2V 
0.8V and 2V 


TL/D/8806-4 


Note 1: National's standard product warranty applies only to devices programmed to specifications described herein. 

Note 2: Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The NMC27C1 024 must not be inserted into or removed from 
a board with voltage applied to Vpp or Vcc- 

Note 3: The maximum allowable voltage which may be applied to the Vpp pin during programming is 13V. Care must be taken when switching the Vpp supply to 
prevent overshoot exceeding this 13V maximum specification. At ieast a 0.1 pF capacitor is required across Vpp, Vcc to suppress spurious voltage 

transients which may damage the device. 

Note 4: Programming and program verify are tested at nominal power supply voltages. 
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Interactive Programming Flow Chart 



TL/D/8806-5 
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Functional Description 

DEVICE OPERATION 

The five modes of operation of the NMC27C1024 are listed 
in Table I. It should be noted that all inputs for the five 
modes are at TTL levels. The power supplies required are 
Vcc and Vpp. The Vpp power supply must be at 12.5V dur- 
ing the three programming modes, and must be at 5V in the 
other two modes. The Vqc power supply must be at 6V 
during the three programming modes, and at 5V in the other 
two modes. 

Read Mode 

The NMC27C1024 has two control functions, both of which 
must be logically a^e in order to obtain data at the out- 
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. Assuming that addresses 
are stable, address access time (tAcc) equal to the delay 
from CE to output (tpE)- Data is avaiiable at the outputs toe 
after the falling edge of OE, assuming that CE has been low 
and addresses have been stable for at least tAcc-^oE- 
The sense amps are clocked for fast access time. Vcc 
should therefore be maintained at operating voltage during 
read and verify. If Vcc temporarily drops below the spec, 
voltage (but not to ground) an address transition must be 
performed after the drop to ensure proper output data. 

Standby Mode 

The NMC27C1024 has a standby mode which reduces the 
active power dissipation by over 99.7%, from 275 mW to 
0.55 mW. The NMC27C1024 |s placed in the standby mode 
by applying a CMOS high signal to the CE input. When in 
standby mode, the ^puts are in a high impedance state, 
independent of the OE input. 

Output OR-Tying 

Because NMC27C1024s are usually used in larger memory 
arrays. National has provided a 2-line control function that 
accommodates this use of multiple memory connections. 
The 2-iine control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom- 
mended that CE (pin 2) be decoded and used as the primary 


device selecting function, while OE (pin 20) be made a com- 
mon connection to all devices in the array and connected to 
the READ line from the system control bus. This assures 
that all deselected memory devices are in their low power 
standby modes and that the output pins are active only 
when data is desired from a particular memory device. 

Programming 

CAUTION: Exceeding 1 3V on the Vpp or A9 pin will damage 
the NMC27C1024. 

Initially, and after each erasure, all bits of the NMC27C1024 
are in the “1” state. Data is introduced by selectively pro- 
gramming “O’s” into the desired bit locations. Although only 
“O’s” will be programmed, both “1’s” and “O’s” can be pre- 
sented in the data word. The only way to change a “0” to a 
“1” is by ultraviolet light erasure. 

The NMC27C1024 is in the programing mode when the 
Vpp power supply is at 12.5V and OE is at V|h- It is required 
that at least a 0.1 )j,F capacitor be placed across Vpp, Vcc 
to ground to suppress spurious voltage transients which 
may damage the device. The data to be programmed is 
applied 16 bits in parallel to the data output pins. The levels 
required for the address and data inputs are TTL. 

When the address and data are stable, an active low, TTL 
program pulse is applied to the PGM input. A program pulse 
must be applied at each address location to be pro- 
grammed. Any location may be programmed at any time — 
either individually, sequentially, or at random. The 
NMC27C1024 is designed to be programmed in either of 
two ways: single pulse programming, where each address is 
programmed with a 10 ms pulse; or interactive program- 
ming, where each address is programmed with a series of 
0.5 ms pulses until it verifies (up to a maximum of 20 pulses 
or 10 ms). Only the interactive programming method has 
been tested. The NMC27C102 4 mus t not be programmed 
with a DC signal applied to the PGM input. 

Programming multiple NMC27C1024s in parallel with the 
same data can be easily accomplished due to the simplicity 
of the programming requirements. Like inputs of the parallel 
NMC27C1024S may be connected together when they are 
programmed wit h the s ame data. A low level TTL pulse ap- 
plied to the PGM input programs the paralleled 
NMC27C1024S. 


TABLE I. Mode Selection 


Pins 

CE 

(2) 

OE 

(20) 

PGM 

(39) 

Vpp 

(1) 

Vcc 

(40) 

Outputs 
(3-10, 12-19) 

Mode 

Read 

V|L 

V|L 

V|H 

Vcc 

5 

DoUT 

Standby 

V|H 

Don’t Care 

Don’t Care 

Vcc 

5 

Hi-Z 

Program 

V|L 

V|H 

“LT 

12.5 

6 

Din 

Program Verify 

VlL 

V|L 

V|H 

12.5 

6 

Dqut 

Program Inhibit 

V|H 

Don’t Care 

Don’t Care 

12.5 

6 

Hi-Z 
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Functional Description (Continued) 

Program Inhibit 

Programming muitiple NMC27C1024s in paraiiel wi^ differ- 
ent data is also ^iiy accomplished. Except for CE all like 
inputs (inciuding OE) of the parailei NMC27C1024S may be 
common. A TTL low level program pulse applied to an 
NMC27C1024’s CE input with Vpp at 12.5V will program 
that NMC27C1024. A TTL high level CE input inhibits the 
other NMC27C1024S from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with Vpp at 12.5V. Except during 
programming and program verify, Vpp must be at Vcc- 

Manufacturer’s Identification Code 

The NMC27C1024 has a manufacturer’s identification code 
to aid in programming. When the device is inserted in an 
EPROM programmer socket, the programmer reads the 
code and then automatically calls up the specific program- 
ming algorithm for the part. This automatic programming 
control is only possible with programmers which have the 
capability of reading the code. 

The Manufacturer’s Identification code, shown in Table II, 
specifically identifies the manufacturer and the device type. 
The code for the NMC27C1024 is "8FD6", where “8F” des- 
ignates that it is made by National Semiconductor, and 
“D6" designates a 1 Meg part. 

The code is accessed by applying 11.4V to 12.0V to ad- 
dress pin A9. Addresses A1-A8, A10-A15, and all control 
pins are held at V|l. Address pin AO is held at V|l for the 
manufacturer’s code, and held at Vm for the device code. 
The code is read on the lower eight data pins, O0-O7. Prop- 
er code access is only guaranteed at 25°C ± 5°C. 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27C1024 are such 
that erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fiuorescent lamps have wavelengths in the 3000A-4000A 
range. Data shows that constant exposure to room-ievel flu- 
orescent lighting couid erase the typicai NMC27C1024 in 
approximateiy 3 years, whiie it wouid take approximatley 1 
week to cause erasure when exposed to direct sunlight. 
Opaque labels should be placed over the NMC27C1024S 


window to prevent unintentional erasure. Covering the win- 
dow will also prevent temporary functional faijure due to the 
generation of photo currents. 

The recommended erasure procedure for the NMC27C1024 
is exposure to short wave ultraviolet light which has a wave- 
length of 2537 Angstroms (A). The integrated dose (i.e., UV 
intensity x exposure time) for erasure should be a minimum 
of 15W-sec/cm2. 

The NMC27C1024 should be placed within 1 inch of the 
lamp tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. Table III 
shows the minimum NMC27C1024 erasure time for various 
light intensities. 

An erasure system shouid be calibrated periodically. The 
distance from lamp to unit should be maintained at one inch. 
The erasure time increases as the square of the distance. (If 
distance is doubled the erasure time increases by a factor of 
4.) Lamps lose intensity as they age. When a lamp is 
changed, the distance has changed, or the lamp has aged, 
the system should be checked to make certain full erasure 
is occurring. Incomplete erasure will cause symptoms that 
can be misleading. Programmers, components, and even 
system designs have been erroneously suspected when in- 
complete erasure was the problem. 

The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current. Ice. 
has three segments that are of interest to the system de- 
signer— the standby current level, the active current level, , 
and the transient current peaks that are produced by volt- 
age transitions on input pins. The magnitude of these tran- 
sient current peaks is dependent on the output capacitance 
loading of the device. The associated Vcc transient voltage 
peaks can be suppressed by properly selected decoupling 
capacitors. It is recommended that at least a 0.1 juF ceramic 
capacitor be used on every device between Vcc and GND. 
This should be a high frequency capacitor of low inherent 
inductance. In addition, at least a 4.7 /j.F bulk electrolytic 
capacitor should be used between Vcc and GND for each 
eight devices. The bulk, capacitor should be located near 
where the power supply is connected to the array. The pur- 
pose of the bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of the PC board traces. 


SYSTEM CONSIDERATION 


TABLE II. Manufacturer’s Identification Code 


Pins 

Ao 

O7 

06 

O5 

04 

O3 

O2 

0i 

Oo 

Hex 

(21) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

Data 

Manufacturer Code 

V|L 

1 

0 

0 

0 

1 

1 

1 

1 

8F 

Device Code 

V|H 

1 

1 

o' 

1 

0 

1 

1 

0 

D6 


TABLE III. Minimum NMC27C1024 Erasure Time 


Light Intensity 
(Mlcro-Watts/cm2) 

Erasure Time 
(Minutes) 

15,000 

20 

10,000 

25 

5,000 

50 
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National 

Semiconductor 

Corporation 


PRELIMINARY 


NMC27C49 65, 536-Bit (8k x 8) UV Erasable 
CMOS PROM (Very High Speed Version) 
Pin Compatible with 64k Bipolar PROMS 



General Description 

The NMC27C49 is a high-speed 64k UV erasable and elec- 
trically reprogrammable CMOS EPROM, ideally suited for 
applications where fast turnaround, pattern experimentation 
and low power consumption are important requirements. 
The NMC27C49 is designed to operate with a single +5V 
power supply with ±10% tolerance. 

The NMC27C49 is packaged in a 24-pin dual-in-line pack- 
age with transparent lid. The transparent lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written electrically into the device 
by following the programming procedure. 

This EPROM is fabricated with National’s proprietary, time 
proven microCMOS double-poly silicon gate technology 
which combines high performance and high density with low 
power consumption and excellent reliability. A two transistor 
memory call is used for speed enhancement. 


Features 

■ Access time down to 45 ns. Two transistor memory cell 

■ Low CMOS power consumption 

—Active Power: 360 mW max 

■ Single 5V power supply 

■ Fast and reliable programming 

■ Static operation— no clocks required 

■ TTL, CMOS compatible inputs/outputs 

■ TRI-STATE® output 

■ Pin compatible with 64k Bipolar PROMS 


Block Diagram 



Pin Names 
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NMC27C51 



National 

Semiconductor 

Corporation 


PRELIMINARY 


NMC27C51 131,072-Bit (16k x 8) UV Erasable 
CMOS PROM (Very High Speed Version) 

Pin Compatible With 128k Bipolar PROMs 



General Description 

The NMC27C51 is a high-speed 128k UV erasabie and 
electricaiiy reprogrammable CMOS EPROM, ideaily suited 
for applications where fast turnaround, pattern experimenta- 
tion and low power consumption are important require- 
ments. 

The NMC27C51 is designed to operate with a single -I-5V 
power supply with ±10% tolerance. 

The NMC27C51 is packaged in a 28-pin dual-in-line pack- 
age with transparent lid. The transparent lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written electrically into the device 
by following the programming procedure. 

This EPROM is fabricated with National’s proprietary, time 
proven microCMOS double-poly silicon gate technology 


which combines high performance and high density with low 
power consumption and excellent reliability. A two transistor 
memory cell is used for speed enhancement. 

Features 

■ Access time down to 45 ns, two transistor memory cell 

■ Low CMOS power consumption 
— Active Power: 360 mW max 

■ Single 5V power supply 

■ Fast and reliable programming 

■ Static operation— no clocks required 

■ TTL, CMOS compatible iriputs/outputs 

■ TRI-STATE® output 

■ Pin compatible with 128k Bipolar PROMs 


Block and Connection Diagrams 


DATA OUTPUTS Oq-Ot 



TL/D/9184-1 


Commercial Temp Range (0°C to 70°C) 

Vcc = 5V ±10% 


Parameter/Order Number 

Access Time (ns) 

NMC27C51Q45 

NMC27C51Q55 

NMC27C51Q70 

45 

55 

70 


Dual-ln-Llne Package 



TL/D/9184-2 

Order Number NMC27C51 
See NS Package Number J28AQ 

Pin Names 


A0-A13 

Addresses 

OE1-OE4 

Output Enables 

O0-O7 

Outputs 

PGM 

Program 

NC 

No Connect 
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CMOS EPROM and SRAM 
Output Circuit 
Characteristics 

iNTRODUCTiON 

National offers a selection of Static RAM’s and UV erasable 
PROM’s fabricated with microCMOS silicon gate technolo- 
gy. These integrated circuits share the same output driver 
design; a design that has electrical characteristics different 
from the usual CMOS output design. 

LATCH-UP PRECAUTIONS 

The structure of CMOS IC’s (Figure 1.) intrinsically is similar 
to the PNPN structure of SCR’s. If a junction becomes suffi- 
cientiy forward-biased, the resulting minority-carrier injection 
can set off regenerative PNPN firing and thus cause large 
supply currents (100’s of milliamperes) which will pull down 
Vcc- 



TL/D/9121-1 

FIGURE 1 

Latch-up cannot occur if the output terminals are prevented 
from being driven more than 0.5V beyond the supply-volt- 
age range. This is not always possible, particularly when the 
outputs are attached to a system buss. Therefore, these 
products were designed utilizing NMOS for both pull-down 
and pull-up output devices, thus absolutely preventing any 
possibility of latch-up being induced by output voltages. 

CHARACTERISTICS OF NMOS OUTPUT DRIVERS 

Figure 2 compares the switching response of a CMOS out- 
put and of a NMOS output. Two differences can be ob- 
served from the switching waveforms; 1) the CMOS design 
is faster when switching from low to high, and 2) the output 
high level (Vqh) of the CMOS design is higher. 


CMOS OUTPUT 



FIGURE 2 


National Semiconductor Corp. 
Application Brief 31 
Jim Brennan 


In a memory system composed of MOS RAM’s or EPROM’s 
the load is capacitive and not resistive. Figure 3 compares 
the switching response of a CMOS output and NMOS out- 
put driving capacitive loads of 10 pF, 50 pF, and 100 pF. 
The switching waveforms show that the fall times are com- 
parable, but most obvious is the rise time of the CMOS out- 
put-much faster than that of the NMOS output. 



CMOS 
NMOS 

TL/D/9121-4 

FIGURE 3. Switching Response with Capacitive Load 

The high and low voltage levels of the CMOS output design 
are directly set by the supply-voltage, Vcc and GND. How- 
ever, for the NMOS output design, the high level is approxi- 
mately one-threshold voltage lower than Vcc- Th® low level 
is at GND, same as the CMOS design. It is this difference 
that accounts for the noticeable changes In the memory 
access time as the supply-voltage, operating temperature 
and output capacitance loading are varied. This is of no 
significant consequence, since the memory access times 
are guaranteed (by testing) at the worst-case conditions. 

ACTUAL OUTPUT DESIGN 

Measurement of the DC output levels on these integrated 
circuits would lead to the conclusion that the output design 
is CMOS. Measurement of the switching times under varing 
capacitarice loads and supply voltage would lead to the 
conclusion that the output design is NMOS. 

Both conclusions are correcti 
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The output design, shown in Figure 4, uses NMOS for both 
the pull-down and pull-up devices. These devices give suffi- 
cient current source or sink capability to achieve desired 
memory access times under maximum specified capaci- 
tance loading while preventing latch-up possibilities. In or- 
der to give a higher output level (Voh) fof CMOS system 
compatibility, a PMOS device is also included in parallel with 
the NMOS pull-up device. Latch-up is prevented by the iso- 
lation of the output terminal from the PMOS device by a 
1500ft polysilicon resistor. 



Fora list of EPROM products utilizing this output design, 
refer to AN472, Programming National UV EPROMs. 
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Programming National UV 
EPROMs 


National Semiconductor Corp. 
Application Note 472 
Merrill Johnson 


INTRODUCTION 

National Semiconductor is a broad-based supplier of low 
power CMOS EPROMs. CMOS EPROMs are programmed 
the same way NMOS EPROMs are programmed. CMOS 
and NMOS EPROMs are pin compatible in programming 
mode and in read mode. National EPROMs are superior to 
most competitive EPROMs on the market because the pow- 
er drain is much lower with the CMOS process and also the 
access time is faster due to the clocked sense amp design. 
The parts are designed to interface with CMOS and TTL 
circuitry. Table I is a quick reference index for NSC CMOS 
EPROM programming algorithms. 

TABLE I. CMOS EPROM Product Line 


Density 

Device 

Type 

Programming 

Technique 

16k 

NMC27C16 

25V 

Single Pulse — 50 ms 

16k 

NMC27C16H 

25V 

Single Pulse — 10 ms 

16k 

NMC27C16B‘ 

13V 

Interactive 
Programming 
0.5 ms pulses 

32k 

NMC27C32 

25V 

Single Pulse — 50 ms 

32k 

NMC27C32H 

25V 

Single Pulse — 10 ms 

32k 

NMC27C32B* 

13V 

Interactive 
Programming 
0.5 ms pulses 

64k 

NMC27C64 

13V 

Interactive 
Programming 
0.5 ms pulses 

128k 

NMC27CP128 

13V 

Interactive 
Programming 
0.5 ms pulses 

256k 

NMC27C256 

13V 

Interactive 
Programming 
0.5 ms pulses 

512k 

NMC27C512* 

13V 

Interactive 
Programming 
0.5 ms pulses 


•Future Product 


EPROM PROGRAMMERS 

The majority of the probiems with EPROMs are program- 
ming reiated. The biggest cause of these probiems is pro- 
grammers not being equipped to program specific vendors’ 
devices. 

With National’s older product lines, 27C16, 27C16H, 27C32, 
and 27C32H, customers have relatively few programming 
probiems. This is because most 16k and 32k EPROMs on 
the market are programmed the same way, i.e., each byte in 
memory is programmed with a single 50 ms pulse, and the 
Vpp programming voitage is 25V. Thus a programmer man- 
ufacturer can use one programming routine for most ven- 
dor’s parts. Furthermore these parts are quite mature and 
many programmer manufacturers have had time to develop 
the proper programming routines. 

The EPROMs which have recentiy been introduced by Na- 
tional and other vendors do not have the same inter-compa- 
ny consistancy of the oider parts. Different companies have 
different programming voltages and companies generaiiy 
have their own unique interactive programming algorithms. 
Therefore, the EPROM manufacturers have to work directiy 
with the programmer manufacturers to incorporate the prop- 
er hardware and programming routines for the specific 
EPROMs they are buiiding. 

The programmer manufacturers who are currentiy set up to 
program National EPROMs are listed in Tabie II. This iist wiil 
expand significantiy in the future as other programmer man- 
ufacturers develop the capability. The iist does not include 
those which can program the older 16k and 32k devices 
because the majority of programmers in the field are capa- 
ble of programming these parts. 

National has evaluated the Data I/O, Stag, and EPRO pro- 
grammers in-house and verified proper operation. Undoubt- 
ediy there are other programmers in the field which work as 
weli. 

A user who does not have a programmer which can pro- 
gram National parts can generally find a distributor in close 
proximity who has a Data I/O programmer. Distributors wili 
usuaily provide programming , service, particulariy if the 
EPROMs were purchased from them. 

NATIONAL INTERACTIVE PROGRAMMING ALGORITHM 

All National EPROMs listed in Table I, with the exception of 
the 27016, 2701 6H, 27C32, and 27C32H are programmed 
with the National interactive programming algorithm, shown 
in Figure 1. A customer can also program with a single pulse 
of 10 ms. However, this is much slower and the National 
production testing is only done with the interactive algo- 
rithm. |n either case the Vpp programming voltage must be 
12.2V-13.3V. The programming efficiency is a strong func- 
tion of Vpp programming voltage so 13.0V or more is recom- 
mended for fast programming. 
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TABLE II. Programmer Manufacturers with National EPROM Programming Capability 


Prgmr. 

Mnfr. 

Model No. 

Earliest 

Software 

Revision 

Product 

Data I/O 

UniPak2 

V10 

27C64, 27CP128, 27C256 


UniPak2B 

VI 0 

27C64,27CP1 28,270256 


120A/121A 

VI 0 

27C64, 27CP128, 27C256 


1000 

V03 

27C32B, 27C64, 27CP128, 27C256 


1000 

V05 

27C32B, 27C64, 27CP128, 27C256, 27C512 


201 

V01 

27C64, 27C256 


280 

V01 

27C64, 27C256 

Epro 

124 

National 

27C64, 27CP128, 27C256, 27C512 

Stag 

PP39 

10 

27C64, 27C256, 27C512 


PP40 

3 

27C64, 27C256, 27C512 


PP41-42 

1 

27C64, 27C256, 27C512 


2M2000 

24 

27064,270256,270512 


The interactive programming algorithm programs a byte with 
a 0.5 ms pulse, and then does a verify to determine if that 
byte was fully programmed. If it was not, the program pulse 
is repeated and again verified. This is done up to a maxi- 
mum of 20 times, but most bytes will program with a single 
pulse. A marginally programmed memory cell will read as 
unprogrammed if the Vcc voltage is high. Thus the verify is 
done with Vcc at 6.0V which is a guardband of the 5.5V 
maximum operating voltage. This insures that the EPROM 
memory cells are fully charged. All parts are tested in the 
production screen and guaranteed to program with a maxi- 
mum of 20 pulses. 

It should be noted that the preliminary data sheets for the 
27C64 and 27C256 parts show a programming algorithm 
with a maximum of 100 pulses and a single pulse program 
width of 50 ms. These values have been changed to 20 
pulses and 10 ms respectively in the 1987 Data Book and 
the production screening reflects these changes. 

MANUFACTURER’S IDENTIFICATION CODE 

The 27C32B, 27C64, 27C51 2, and a later design revision of 
the 27C256 all have a manufacturer’s identification code to 
aid in programming. The code, shown in Table III, is two 
bytes wide and it identifies the manufacturer and the device 
type. The first two digits, designate the manufacturer and 
the next two digits designate the device type. The first two 
digits, “8F”, designate National Semiconductor as the man- 
ufacturer. 

The code is accessed by applying 1^ to address pin A9. 
Addresses A1-A8, A10 and above, CE, and OE are held at 
V|L. Address AO is held at V|l for the manufacturer code, 
and at V|h for the device code. The code is read out oh the 
8 data pins. Proper code access is only guaranteed at 
20±5°C. 

The primary purpose of the manufacturer’s identification 
code is automatic programming control. When the device is 
inserted in an EPROM programmer socket, the programmer 
reads the code and then automatically calls up the specific 
programming algorithm for the part. This automatic pro- 


gramming control is only possible with programmers which 
have the capability of reading the code. The Data I/O and 
Stag programmers listed above can operate with or without 
the code control. 


TABLE III. Manufacturer’s Identification Code 


Device Type 

Code 

27032B 

8F61 

27064 

8F02 

270256 

8F04 

270512 

8F45 


USING OTHER PROGRAMMERS 

If a customer is using a programmer which National has 
verified to work properly, he should rarely have problems. If 
he is using another brand and is encountering difficulties he 
can try to determine the cause. Some of the common prob- 
lems which have been experienced are discussed here. 
Vcc and Vpp pins must have proper bypassing. High fre- 
quency capacitors, typically 0.1 p,F, must be placed very 
close to each EPROM socket shunting Vcc and Vpp noise 
to ground. The noise is generated by the EPROM as well as 
by the system. In the quiescent mode the device draws 
power supply current in the micro-amp range. The current 
jumps to several milli-amps when an input transition occurs. 
This large current change will load down the power supply 
without proper bypassing. Noise can easily bring the power 
supply out of specification. The voltage levels should be 
checked with an oscilloscope so high frequency noise can 
be detected and also because the power supplies some- 
times power down interrhittently during programming. 

Input voltage levels must also be within specification. (V||_ = 
0.8V and Vm = 2.0V). Inputs (including data pins) must not 
have noise transients which cause a polarity change or go 
beyond the power supply rails. A common problem on in- 
puts is latch-up. If the input voltage level goes above Vcc or 
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FIGURE 1. Interactive Programming Flow Chart 
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below ground an SCR latch-up can occur which will either 
cause the part to malfunction or to be permanently dam- 
aged. A small transient of a few ns can trigger latch-up, and 
the heavy latch-up current will destroy the part if the system 
does not have proper current limiting, if the problem occurs 
it will likely happen on the data pins (other inputs can with- 
stand larger transients). Latch-up can be detected by add- 
ing high frequency diodes on the suspected pins which wiil 
fonward bias when the pins go above Vcc or below ground. 
If the problem goes away with the diodes, latch-up is likely 
its cause. 

The EPROM sense amps are clocked for fast access time. 
This means that Vcc oiust be maintained at operating volt- 
age during verify, if Vcc temporarily drops below the speci- 
fied voltage (but not to ground) an address transition must 
be performed after the drop to insure proper output data 
during verify, (if a Vcc drop occurs and an address tran- 
sition is not added, the part can usually be made to verify 
properly by covering the quartz window.) 

EPROM programmers have malfunctioned due to output 
signals cross-coupling back to input pins. A fast output levei 
change will feed back to an input and oause it to change 
state, changing the output again, and thus causing oscilla- 
tions. This problem can be corrected by isolating the out- 
puts from the inputs, stabilizing the inputs, or slowing down 
the output transition. 

Problems can occur if the socket has power applied during 
device insertion. However hot socket insertion is not as 
common with programmers now as it has been in the past. 
Electro-static discharge, (from the programmer or the oper- 
ator), can damage parts. This normally happens on input 
pins and can easily be detected by checking input leakage 


current, which will be increased if the part has been dam- 
aged with a static charge. The production screen accurately 
tests and guarantees all parts to have less than 10 p.a leak- 
age on any input or output pin, and any part with more leak- 
age current has probably seen a static charge. 

Some erasure problems can look like a programming prob- 
lem. If a part is partially erased it will usually be detected 
during the programmer’s initial blank check, but sometimes 
it will not be detected until the verify after program, or until 
the part is being read in a system. A partially erased memo- 
ry cell has some residual charge on the floating gate as 
opposed to being totally discharged. A low Vcc voltage is 
more sensitive to this residual charge than a high Vcc volt- 
age. The initial blank check is typically done at 5.0V Vcc. 
the verify after program is 4.75V, and the part operates in 
the system down to 4.5V. ; 

National performs a calibrated erase during production 
screening and guarantees parts wiii erase with a minimum 
ultraviolet light dosage of 15W-sec/cm2 (2537 Angstrom 
wavelength). This means about 21 minutes in an eraser with 
a lamp intensity of 1 2,000 ju.w/cm2. Most erasure problems 
are caused by degradation of light bulbs in the erasure sys- 
tem. Light bulbs lose their intensity with age, as shown in 
Figure 2. After the first 1000 hours of operation the bulbs 
typically degrade down to about 75% of their original inten- 
sity. If the customer does not compensate for this change 
with increased erasure time he will not give the parts a cali- 
brated erase. 

It does not harm an EPROM to over erase for a few hours. 
Thus, if uncertain about the lamp intensity the safe thing to 
do is erase two or three times the minimum erase time. 

If further help is needed with programming, contact the fac- 
tory. 



FIGURE 2. Aging Characteristics of Erasure Buibs 
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Part 

Number 

Org. 

Size Bits 

Power 

Act/Stby 

Temperature 

NMC9306 

16x16 

256 

8N, 

14SO* 

SERIAL 

10 mA/3 mA 

0°Cto +70°C 

NMC9306E 

16x16 

256 

8N 


SERIAL 

12 mA/4 mA 

-40°Cto +85°C 

NMC9306M 

16x16 

256 

8N 


SERIAL 

14 mA/5 mA 

-55‘’Cto +125'C 

NMC9307 

16x16 

256 

8N 


SERIAL 

10 mA/3 mA 

0°Cto +70°C 

NMC9307E 

16x16 

256 

8N 


SERIAL 

12 mA/4 mA 

-40°Cto +85°C 

NMC9346 

64x16 

1024 

8N, 

14SO* 

SERIAL 

12 mA/3 mA 

0°Cto+70°C 

NMC9346E 

64x16 

1024 

8N 


SERIAL 

14 mA/4 mA 

-40°Cto +85°C 

NMC9346M 

64x16 

1024 

8N 


SERIAL 

15 mA/5 mA 

-55°Cto +125°C 

NMC93CS06 

16x16 

256 

8N, 

14SO 

SERIAL 

2.5 mA/0.1 mA 

0°Cto +70“C 

NMC93CS06E 

16x16 

256 

8N, 


SERIAL 

5 mA/0.2 mA 

-40°Cto +85°C 

NMC93CS06M 

16x16 

256 

8N, 


SERIAL 

5 mA/0.2 mA 

-55°Cto +125°C 

NMC93CS26 

32x16 

512 

8N, 

14SO 

SERIAL 

2.5 mA/0.1 mA 

0°Cto +70°C 

NMC93CS26E 

32x16 

512 

8N, 


SERIAL 

5 mA/0.2 mA 

-40°Cto +85°C 

NMC93CS26M 

32x16 

512 

8N, 


SERIAL 

5 mA/0.2 mA 

-55°Cto +125°C 

NMC93CS46 

64x16 

1024 

8N, 

14SO 

SERIAL 

2.5 mA/0.1 mA 

0“Cto +70°C 

NMC93CS46E 

64x16 

1024 

8N, 


SERIAL 

5 mA/0.2 mA 

-40°Cto +85°C 

NMC93CS46M 

64x16 

1024 

8N, 


SERIAL 

5 mA/0.2 mA 

-55°Cto +125°C 

NMC93CS56 

128x16 

2048 

8N, 

14SO 

SERIAL 

2.5 mA/0.1 mA 

0°Cto +70°C 

NMC93CS56E 

128x16 

2048 

8N, 


SERIAL 

5 mA/0.2 mA 

-40°Cto +85°C 

NMC93CS56M 

128x16 

2048 

8N, 


SERIAL 

5 mA/0.2 mA 

-55°Cto +125°C 

NMC93CS66 

256x16 

4096 

8N, 

14SO 

SERIAL 

2.5 mA/0.1 mA 

0°Cto +70°C 

NMC93CS66E 

256x16 

4096 

8N, 


SERIAL 

5 mA/0.2 mA 

-40°Cto +85°C 

NMC93CS66M 

256x16 

4096 

8N. 


SERIAL 

5 mA/0.2 mA 

-55‘Cto +125°C 

NMC98C10 

128x8 

1024 

18N 


MUX 

10 mA/0.1 mA 

0°Cto +70‘’C 

NMC98C40 

512x8 

4096 

18N 


MUX 

10 mA/0.1 mA 

O'Cto +70°C 
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National 

Semiconductor 

Corporation 


NMC9306 256-Bit Serial Electrically Erasable 
Programmable Memory (5V Only) 


General Description 

The NMC9306 is a 256-bit non-volatiie sequentiai access 
memory fabricated using advanced floating gate N-channel 
E2RROM technology. It is a peripheral memory designed for 
data storage and/or timing and is accessed via the simple 
MICROWIREtm serial interface. The device contains 256 
bits of read/write memory divided into 1 6 registers of 1 6 bits 
each. Each register can be serially read or written by a 
COP400 series controller. Written information is stored in a 
floating gate cell with at least 10 years data retention and 
can be updated by an erase-write cycle. The NMC9306 has 
been designed to meet applications requiring up to 1 x 104 
erase/write cycles per register. A power down mode reduc- 
es power consumption by 70 percent. 


Features 

■ Low cost 

■ Single supply operation (5V±10%) 

■ TTL compatible 

■ 16X16 serial read/write memory 

■ MICROWIRE compatible serial I/O 

■ Compatible with COP400 processors 

■ Low standby power 

■ Non-volatile erase and write 

■ Reliable floating gate technology 


Block and Connection Diagrams 
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Dual-ln-Llne Package 



Order Number NMC9306N 
See NS Package Number NOSE 

SO Package 



Order Number NMC9306M 
See NS Package Number M14B 

Note: Contact factory for SOS availability. 

Pin Names 

CS Chip Select 

SK Serial Data Clock 

Dl Serial Data Input 

DO Serial Data Output 

Vcc Power Supply 

GND Ground 
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Absolute Maximum Ratings 

Voltage Relative to GND + 6V to -0.3V 

Ambient Operating Temperature 
NMC9306/COP494 O'Cto+TO’C 

Ambient Storage Temperature 
with Data Retention - 65*C to + 1 25°C 

Lead T emperature (Soldering, 1 0 seconds) 300“G 


Note: Stresses above those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicat- 
ed in the operational sections of this specification is not 
impiied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


Lead T emperature (Soldering, 1 0 seconds) 300“G for extended penods may affect de\ 

Electrical Characteristics o°g ^TA^ 70°G, Vcc=5V± 10% unless otherwise specified 


Typ 


Conditions 


Vcc=5.5V,GS=1 


Vcc=5.5V.GS=0 



Iol= 2.1 mA 
IOH= -400 fi,A 


V||\| = 5.5V 


Vout=5.5V,GS = 0 


Operating Voltage (Vcc) 


Operating Gurrent (Icci) 


Standby Gurrent (Icc2 


Input Voltage Levels 
V|L 
V|H 


Output Voltage Levels 
VoL 
VoH 


Input Leakage Gurrent 


Output Leakage Gurrent 


SK Frequency 

SK HIGH TIME tsKH (Note 2) 
SK LOW TIME tsKL (Note 2) 


Input Set-Up and Hold Times 


Output Delay GL=100pF 

DO tpDi VoL = 0.8 V, VoH = 2.0 V 

tpDO Vil=0.45V, V|h = 2.40V 


Erase/Write Pulse Width (t£/w) (Note 1) 


GS Low Time (tcs) (Note 3) 


Note 1: tg/w measured to rising edge of SK or CS, whichever occurs last 

Note 2: The SK frequency spec, specifies a minimum SK clock period of 4 /xs, therefore in an SK clock cycle, tsKH + tSKL must be greater than or equal to 4 p.s. 
e.g. if tsKL = 1 fis then the minimum tsKH = 3 /is in order to meet the SK frequency specification. 

Note 3: CS must be brought low for a minimum of 1 /is (tcs) between consecutive instruction cycles. 

Instruction Set 




Instruction 

SB 

Op Code 

Address 

Data 

Comments 

READ 

1 

lOxx 

A3A2A1A0 


Read register A3A2A1 AO 

WRITE 

1 

Olxx 

A3A2A1A0 

D15-D0 

Write register A3A2A1 AO 

ERASE 

1 

llxx 

A3A2A1A0 


Erase register A3A2A1 AO 

EWEN 

1 

0011 

xxxx 


Erase/write enable 

EWDS 

1 

0000 

xxxx 


Erase/write disable 

ERAL 

1 

0010 

xxxx 


Erase all registers 

WRAL 

1 

0001 

xxxx 

D15-D0 

Write all registers 


NMC9306/COP494 has 7 instructions as shown. Note that MSB of any given instruction is a “1” and is viewed as a 
start bit in the interface sequence. The next 8 bits carry the op code and the 4-bit address for 1 of 16, 16-bit registers. 
X is a don't care state. 
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Functional Description 

The NMC9306/COP494 is a small peripheral memory in- 
tended for use with COPStm controllers and other non-vola- 
tile memory applications. Its organization is sixteen registers 
and each register is sixteen bits wide. The input and output 
pins are controlled by separate serial formats. Seven 9-bit 
instructions can be executed. The instruction format has a 
logical T as a start bit, four bits as an op code, and four bits 
of address. SK clock cycle is necessary after CS equals 
logical “1” before the instruction can be loaded. The on- 
chip programming-voltage generator allows the user to use 
a single power supply (Vcc). Only during the read mode is 
the serial output (DO) pin valid. During all other modes the 
DO pin is in TRI-STATE®, eliminating bus contention. 

READ 

The read instruction is the only instruction which outputs 
serial data on the DO pin. after a READ instruction is re- 
ceived, the instruction and address are decoded, followed 
by data transfer from the memory register into a 1 6-bit seri- 
al-out shift register. A dummy bit (logical ‘0’) precedes the 
1 6-bit data output string. Output data changes are initiated 
by a low to high transition of the SK clock. 

ERASE/WRITE ENABLE AND DISABLE 

Programming must be preceded once by a programming 
enable (EWEN) instruction. Programming remains enabled 
until a programming disable (EWDS) instruction is executed. 
The programming disable instruction is provided to protect 
against accidental data disturb. Execution of a READ in- 
struction is independent of both EWEN and EWDS instruc- 
tions. 

ERASE (Note 4) 

Like most ESPROMS, the register must first be erased (all 
bits set to 1s) before the register can be written (certain bits 

Timing Diagrams 
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•This is the minimum SK period 


set to Os). After an ERASE instruction is input, CS is 
dropped low. This falling edge of CS determines the start of 
programming. The register at the address specified in the 
instruction is then set entirely to Is. When the erase/write 
programming time (tg/w) constraint has been satisfied, CS 
is brought up for at least one SK period. A new instruction 
may then be input, or a low-power standby state may be 
achieved by dropping CS low. 

WRITE (Note 4) 

The WRITE instruction is followed by 16 bits of data which 
are written into the specified address. This register must 
have been previously erased. Like any programming mode, 
erase/write time is determined by the low state of CS fol- 
lowing the instruction. The on-chip high voltage section only 
generates high voltage during these programming modes, 
which prevents spurious programming during other modes. 
When CS rises to V|h, the programming cycle ends. All pro- 
gramming modes should be ended with CS high for one SK 
period, or followed by another instruction. 

CHIP ERASE (Note 4) 

Entire chip erasing is provided for ease of programming. 
Erasing the chip means that all registers in the memory ar- 
ray have each bit set to a 1 . Each register is then ready for a 
WRITE instruction. 

CHIP WRITE (Note 4) 

All registers must be erased before a chip write operation. 
The chip write cycle is identical to the write cycle, except for 
the different op code. All registers are simultaneously writ- 
ten with the data pattern specified in the instruction. 

Note 4: During a programming mode (write, erase, chip erase, chip write), 
SK clock is only needed while the actual instruction, i.e., start bit, op code, 
address and data, is being input. It can remain deactivated during the Erase/ 
Write pulse width (te/w)- 
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NMC9306E 256-Bit Serial Electrically Erasable 
Programmable Memory (5V Only) 


General Description 

The NMC9306E is a 256-bit non-volatile sequential access 
memory fabricated using advanced floating gate N-channel 
E2PROM technology. It is a peripheral memory designed for 
data storage and/or timing and is accessed via the simple 
MICROWIREtm serial interface. The device contains 256 
bits of read/write memory divided into 16 registers of 16 bits 
each. Each register can be serially read or written by a 
COP400 series controller. Written information is stored in a 
floating gate cell with at least 10 years data retention and 
can be updated by an erase-write cycle. The NMC9306E 
has been designed to meet applications requiring up to 1 x 
104 erase/write cycles per register. A power down mode 
reduces power consumption by 70 percent. 


Features 

■ Low cost 

■ Single supply operation (5V±10%) 

■ TTL compatible 

■ 16X16 serial read/write memory 

■ MICROWIRE compatible serial I/O 

■ Compatible with COP400 processors 

■ Low standby power 

■ Non-volatile erase and write 

■ Reliable floating gate technology 


Block and Connection Diagrams 



TL/D/9262-1 


Dual-ln-Line Package 



Order Number NMC9306EN 


SO Package 


NC — 

1 

14 

CS — 

2 

13 

SK — 
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12 

NC — 
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11 
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TL/D/9262-3 


Top View 

Order Number NMC9306EM 
See NS Package NOSE or M14B 


Pin Names 

CS Chip Select 

SK Serial Data Clock 

Dl Serial Data Input 

DO Serial Data Output 

Vcc Power Supply 

GND Ground 
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NMC9306E 


Absolute Maximum Ratings 


Voltage Relative to GND 
Ambient Operating Temperature 
NMC9306E 

Ambient Storage Temperature 
with Data Retention 
Lead Temperature (Soldering, 10 sec.) 


+ 6Vto -0.3V 


0°Cto H-yO'C 


-65”Cto +125°C 
300°C 


Note: Stresses above those listed under "Absolute Maxi- 
mum Ratings ” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicat- 
ed in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


Electrical Characteristics - 40°C ^TA^ +85*'C, Vcc=5V±10% unless otherwise specified 


Conditions 


Vcc = 5.5V,CS=1 


Vcc = 5.5V,CS=0 



Iql= 2.1 mA 
IOH = ~400jxA 


V|n = 5.5V 


Vout = 5.5V,CS=0 


Parameter 


Operating Voltage (Vcc) 


Operating Current (Icci) 


Standby Current (Icc2 


input Voltage Levels 
V,L\ 

V|H 


Output Voltage Levels 
VoL 
VoH 


Input Leakage Current 


Output Leakage Current 


SK Frequency 

SKHIGH TIMEtsKH (Note 2) 
SK LOW TIME tsKL (Note 2) 


Input Set-Up and Hold Times 


Output Deiay CL = 1 00 pF 

DO tpDi Vol = 0-8V, Vqh = 2.0V 

tpDo V|L = 0.45V, V|H = 2.40V 


Erase/Write Pulse Width (te/w) (Note 1) 


CS Low Time (tcs) (Note 3) 


Note 1: tE/w measured to rising edge of SK or CS, whichever occurs iast. 

Note 2: The SK frequency spec, specifies a minimum SK ciock period of 4 jxs. therefore in an SK ciock cycle, Iskh + *SKL must be greater than or equal to 4 fis. 
e.g. if tsKL = 1 P'S then the minimum Iskh = 3 ps in order to meet the SK frequency specification. 

Note 3: CS must be brought iow for a minimum of 1 ns (tcs) between consecutive instruction cycies. 

Instruction Set 




Instruction 

SB 

Op Code 

Address 

Data 

Comments 

READ 

1 

lOxx 

A3A2A1A0 


Read register A3A2A1 AO 

WRITE 

1 

Olxx 

A3A2A1A0 

D15-D0 

Write register A3A2A1 AO 

ERASE 

1 

llxx 

A3A2A1A0 


Erase register A3A2A1 AO 

EWEN 

1 

0011 

xxxx 


Erase/write enable 

EWDS 

1 

0000 

xxxx 


Erase/write disable 

ERAL 

1 

0010 

xxxx 


Erase all registers 

WRAL 

1 

0001 

xxxx 

D15-D0 

Write all registers 


NMC9306E has 7 instructions as shown. Note that MSB of any given instruction is a "1 ” and is viewed as a start bit in 
the interface sequence. The next 8 bits carry the op code and the 4-bit address for 1 of 16, 16-bit registers. 

X is a don't care state. 
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Functional Description 

The NMC9306E is a small peripheral memory intended for 
use with COPSTM controllers and other non-volatile memory 
applications. Its organization is sixteen registers and each 
register is sixteen bits wide. The input and output pins are 
controlled by separate serial formats. Seven 9-bit instruc- 
tions can be executed. The instruction format has a logical 
‘1’ as a start bit, four bits as an op code, and four bits of 
address. SK clock cycle is necessary after CS equals logical 
“1” before the Instruction can be loaded. The on-chip pro- 
gramming-voltage generator allows the user to use a single 
power supply (Vcc)- Only during the read mode is the serial 
output (DO) pin valid. During all other modes the DO pin is in 
TRI-STATE®, eliminating bus contention. 

READ 

The read instruction is the only instruction which outputs 
serial data on the DO pin. After a READ instruction is re- 
ceived, the instruction and address are decoded, followed 
by data transfer from the memory register into a 1 6-bit seri- 
al-out shift register. A dummy bit (logical ‘0’) precedes the 
1 6-bit data output string. Output data changes are initiated 
by a low to high transition of the SK clock. 

ERASE/WRITE ENABLE AND DISABLE 

Programming must be preceded once by a programming 
enable (EWEN) instruction. Programming remains enabled 
until a programming disable (EWDS) instruction is executed. 
The programming disable instruction is provided to protect 
against accidental data disturb. Execution of a READ in- 
struction is independent of both EWEN and EWDS instruc- 
tions. 

ERASE (Note 4) 

Like most ESpROMS, the register must first be erased (all 
bits set to 1 s) before the register can be written (certain bits 


set to Os). After an ERASE instruction is input, CS is 
dropped low. This falling edge of CS determines the start of 
programming. The register at the address specified in the 
instruction is then set entirely to Is. When the erase/write 
programming time (t^/w) constraint has been satisfied, CS 
is brought up for at least one SK period. A new instruction 
may then be input, or a low-power standby state may be 
achieved by dropping CS low. 

WRITE (Note 4) 

The WRITE instruction is followed by 16 bits of data which 
are written into the specified address. This register must 
have been previously erased. Like any programming mode, 
erase/write time is determined by the low state of CS fol- 
lowing the instruction. The on-chip high voltage section only 
generates high voltage during these programming modes, 
which prevents spurious programming during other modes. 
When CS rises to Vih, the programming cycle ends. All pro- 
gramming modes should be ended with CS high for one SK 
period, or followed by another instruction. 

CHIP ERASE (Note 4) 

Entire chip erasing is provided for ease of programming. 
Erasing the chip means that all registers in the memory ar- 
ray have each bit set to a 1 . Each register is then ready for a 
WRITE instruction. 

CHIP WRITE (Note 4) 

All registers must be erased before a chip write operation. 
The chip write cycle is identical to the write cycle, except for 
the different op code. All registers are simultaneously writ- 
ten with the data pattern specified in the instruction. 

Note 4; During a programming mode (write, erase, chip erase, chip write), 
SK clock is only needed while the actual instruction, I.e., start bit, op code, 
address and data, is being input. It can remain deactivated during the Erase/ 
Write pulse width (tc/w). 



Timing Diagrams 
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Synchronous Data Timing 
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NMC9306MN 256-Bit Serial Electrically Erasable 
Programmable Memory (Mill. Temp.) 


General Description 

The NMC9306MN is a 256-bit non-volatile sequential ac- 
cess memory fabricated using advanced floating gate 
N-channel E2RROM technology. It is a peripheral memory 
designed for data storage and/or timing and is accessed via 
the simple MICROWIRE™ serial interface. The device con- 
tains 256 bits of read/write memory divided into 16 registers 
of 16 bits each. Each register can be serially read or written 
by a COP400 series controller. Written Information is stored 
in a floating gate cell with at least 10 years data retention 
and can be updated by an erase-write cycle. The 
NMC9306MN has been designed to meet applications re- 
quiring up to 1 X 104 erase/write cycles per register. A 
power down mode reduces power consumption by 70 per- 
cent. 


Features 

■ Low cost 

■ Single supply operation (5V±10%) 

■ TTL compatible 

■ 16X16 serial read/write memory 

■ MICROWIRE compatible serial I/O 

■ Compatible with COP400 processors 

■ Low standby power 

■ Non-volatile erase and write 

■ Reliable floating gate technology 


Block and Connection Diagrams 



TL/D/9203-1 


Dual-ln-Line Package 



Order Number NMC9306MN 
See NS Package NOSE 

Pin Names 

CS Chip Select 

SK Serial Data Clock 

Dl Serial Data Input 

DO Serial Data Output 

Vcc Power Supply 

GND Ground 
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Absolute Maximum Ratings 

Voltage Relative to GND + 6V to -0.3V 

Ambient Operating Temperature 
NMC9306MN (Mill. Temp.) -55°Cto +125“C 

Ambient Storage Temperature 
with Data Retention - 65°C to + 1 25°C 

Lead Temperature (Soldering, 1 0 seconds) 300°C 


Note; Stresses above those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicat- 
ed in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


Electrical Characteristics -55*0 ^TA^ +125*0, Vcc=5V± 10% unless otherwise specified 


Conditions 


Vcc = 5.5V,CS = 1 


Vcc = 5.5V,CS=0 



Iol= 2.1 mA 
Iqh~ —400 p.A 


V|n = 5.5V 


Vout=5.5V,CS=0 


Operating Voltage (Vcc) 


Operating Current (Icci) 


Standby Current (Icc2 


Input Voltage Levels 
V|L 
V|H 


Output Voltage Levels 
VoL 
Vqh 


Input Leakage Current 


Output Leakage Current 


SK Frequency 

SK HIGH TIME tsKH (Note 2) 
SK LOW TIME tsKL (Note 2) 


Input Set-Up and Hold Times 


Output Delay CL = 1 00 pF 

DO tpoi VoL= 0.8 V. VoH = 2.0V 

tpDo V|L = 0.45V. V|H = 2.40V 


Erase/Write Pulse Width (tg/w) (Note 1) 


CS Low Time (tcs) (Note 3) 


Note 1: tg/w measured to rising edge of SK or CS, whichever occurs iast. 

Note 2: The SK frequency spec, specifies a minimum SK ciock period of 5 ps, therefore in an SK ciock cycle. tsKH + fSKU must be greater than or equal to 5 ps. 
e.g. if tsKL = 2 ps then the minimum tsKH = 3 (xs in order to meet the SK frequency specification. 

Note 3: CS must be brought low for a minimum of 1 ^lS (tcs) between consecutive instruction cycles. 




Instruction Set 


Instruction 

SB 

Op Code 

Address 

Data 

Comments 

READ 

1 

lOxx 

A3A2A1A0 


Read register A3A2A1 AO 

WRITE 

1 

Olxx 

A3A2A1A0 

D15-D0 

Write register A3A2A1 AO 

ERASE 

1 

llxx 

A3A2A1A0 


Erase register A3A2A1 AO 

EWEN 

1 

0011 

xxxx 


Erase/write enable 

EWDS 

1 

0000 

xxxx 


Erase/write disable 

ERAL 

1 

0010 • 

xxxx 


Erase all registers 

WRAL 

1 

0001 

xxxx 

D15-D0 

Write all registers 


NMC9306MN has 7 instructions as shown. Note that MSB of any given instruction is a "1” and is viewed as a start bit 
in the interface sequence. The next 8 bits carry the op code and the 4-bit address for 1 of 16, 16-bit registers. 

X is a don’t care state. 
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Functional Description 

The NMC9306MN is a small peripheral memory intended for 
use with cops™ controllers and other non-volatile memory 
applications. Its organization is sixteen registers and each 
register is sixteen bits wide. The input and output pins are 
controlled by separate serial formats. Seven 9-blt instruc- 
tions can be executed. The instruction format has a logical 
‘1’ as a start bit, four bits as an op code, and four bits of 
address. SK clock cycle is necessary after CS equals logical 
“1’’ before the instruction can be loaded. The on-chip pro- 
gramming-voltage generator allows the user to use a single 
power supply (Vcc)- Only during the read mode is the serial 
output (DO) pin valid. During all other modes the DO pin is in 
TRI-STATE®, eliminating bus contention. 

READ 

The read instruction is the only instruction which outputs 
serial data on the DO pin. after a READ instruction is re- 
ceived, the instruction and address are decoded, followed 
by data transfer from the memory register into a 1 6-bit seri- 
al-out shift register. A dummy bit (logical ‘0’) precedes the 
16-bit data output string. Output data changes are initiated 
by a low to high transition of the SK clock. 

ERASE/WRITE ENABLE AND DISABLE 

Programming must be preceded once by a programming 
enable (EWEN) instruction. Programming remains enabled 
until a programming disable (EWDS) instruction is executed. 
The programming disable instruction is provided to protect 
against accidental data disturb. Execution of a READ in- 
struction is independent of both EWEN and EWDS instruc- 
tions. 

ERASE (Note 4) 

Like most ESpROMS, the register must first be erased (all 
bits set to Is) before the register can be written (certain bits 


set to Os). After an ERASE instruction is input, CS is 
dropped low. This falling edge of CS determines the start of 
programming. The register at the address specified in the 
instruction is then set entirely to Is. When the erase/write 
programming time (tE/w) constraint has been satisfied, CS 
is brought up for at least one SK period. A new instruction 
may then be input, or a low-power standby state may be 
achieved by dropping CS low. 

WRITE (Note 4) 

The WRITE instruction is followed by 16 bits of data which 
are written into the specified address. This register must 
have been previously erased. Like any programming mode, 
erase/write time is determined by the low state of CS fol- 
lowing the instruction. The on-chip high voltage section only 
generates high voltage during these programming modes, 
which prevents spurious programming during other modes. 
When CS rises to V|h, the programming cycle ends. All pro- 
gramming modes should be ended with CS high for one SK 
period, or followed by another instruction. 

CHIP ERASE (Note 4) 

Entire chip erasing is provided for ease of programming. 
Erasing the chip means that all registers in the memory ar- 
ray have each bit set to a 1 . Each register is then ready for a 
WRITE instruction. 

CHIP WRITE (Note 4) 

All registers must be erased before a chip write operation. 
The chip write cycle is identical to the write cycle, except for 
the different op code. All registers are simultaneously writ- 
ten with the data pattern specified in the instruction. 

Note 4; During a programming mode (write, erase, chip erase, chip write), 
SK clock is only needed while the actual instruction, i.e., start bit, op code, 
address and data, is being input it can remain deactivated during the Erase/ 
Write pulse width (te/w)- 


Timing Diagrams 
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PRELIMINARY 


NMC9307 256-Bit Serial Electrically Erasable 
Programmable Memory (5V Only) 

General Description Features 


The NMC9307 is a 256-bit non-volatile sequential access 
memory fabricated using advanced floating gate N-channel 
E2pROM technology. It is a peripheral memory designed for 
data storage and/or timing and is accessed via the simple 
MICROWIREtm serial interface. The device contains 256 
bits of read/write memory divided into 16 registers of 16 bits 
each. Each register can be serially read or written by a 
COP400 series controller. Bulk programming instructions 
(chip erase, chip write) can be enabled or disabled by the 
user for enhanced data protection. Written information is 
stored in a floating gate cell with at least 10 years data 
retention and can be updated by an erase-write cycle. The 
NMC9307 has been designed to meet applications requiring 
up to 104 erase/write cycles per register. A power down 
mode reduces power consumption by 70 percent. 


Features 

■ 10,000 erase/write cycles 

■ 1 0 year data retention 

■ Low cost 

■ Single supply operation (5V±10%) 

■ TTL compatible 

■ 16X16 serial read/write memory 

■ MICROWIRE compatible serial I/O 

■ Compatible with COP400 processors 

■ Low standby power 

■ Non-volatile erase and write 

■ Reliable floating gate technology 


Block and Connection Diagrams 


Dual-ln-Llne Package 


DATA 

REGISTER 
(17 BITS) CLK 


INSTRUCTION 
REGISTER CLK 
(9 BITS) 



Top View 

Order Number NMC9307N 
See NS Package Number NOSE 


SO Package 


Top View 

Order Number NMC9307M 
See NS Package Number M14B 

Note; Contact factory for SOS availability. 

Pin Names 

CS Chip Select 

SK Serial Data Clock 

Dl Serial Data Input 

DO Serial Data Output 

Vcc Power Supply 

GND Ground 


2-19 


NMC9307 










NMC9307 


Conditions 


Absolute Maximum Ratings 

Specifications for Military/ Aerospace products are not Note: Stresses above those listed under "Absolute Maxi- 
contained in this datasheet. Refer to the associated mum Ratings" may cause permanent damage to the device. 
reliability electrical test specifications document. This is a stress rating only and functional operation of the 

Voltage Relative to GND +6Vto-03V device at these or any other conditions above those indicat- 

Ambient Operating Temperature ' I" sMioijs ot ms specincationis not 

Mn/^nort^ implied. Exposure to absolute maximum rating conditions 

NMC9307 0 CtO +70 C r ,• u-Z. 

for extended periods may affect device reliability. 

Ambient Storage T emperature - 65°C to + 1 25°C 

Lead Temperature (Soldering, 1 0 sec.) 300°C 

ESD rating to be determined. 

Electrical Characteristics o°c 70*C, Vcc=5V±10% unless othen/vise specified 


Parameter 


Operating Voltage (Vcc) 


Operating Current (lcci) 


Standby Current (lcc 2 


Input Voltage Levels 
V|L 
V|H 


Output Voltage Levels 
VoL 
VoH 


Input Leakage Current 


Input Leakage Current 
PINS 1,2, 3 
PIN 6 


Output Leakage Current 


SK Frequency 

SK HIGH TIME tsKH (Note 2) 
SK LOW TIME tsKL (Note 2) 


Input Set-Up and Hold Times 


Output Delay CL=100pF 

DO tpDi VoL= 0.8 V, VoH = 2.0V 

tppo V|L = 0.45V, V|H = 2.40V 


Erase/Write Pulse Width (tg/w) (Note 1) 


CS Low Time (tps) (Note 3) 


Note 1: tE/w measured to rising edge of SK or CS, whichever occurs last 

Note 2: The SK frequency spec, specifies a minimum SK clock period of 4 ps, therefore in an SK clock cycle, Iskh + %Kl must be greater than 
e.g. if tsKL = 1 ps then the minimum tsKH = 3 ps in order to meet the SK frequency specification. 

Note 3: CS must be brought low for a minimum of 1 ps (tcs) between consecutive instruction cycles. 

Instruction Set 



or equal to 4 ps. 


Instruction 

SB 

Op Code 

Address 

Data 

Comments 

READ 

1 

10xx 

A3A2A1A0 


Read register A3A2A1 AO 

WRITE 

1 

01xx 

A3A2A1A0 

D15-D0 

Write register A3A2A1A0 

ERASE 

1 

11xx 

A3A2A1A0 


Erase register A3A2A1 AO 

EWEN 

1 

0011 

xxxx 


Erase/write enable 

EWDS 

1 

0000 

xxxx 


Erase/write disable 

ERAL 

1 

0010 

xxxx 


Erase all registers 

WRAL 

1 

0001 

xxxx 

D15-D0 

Write all registers 


The NMC9307 has 7 instructions as shown. Note that MSB of any given instnjction is a "1 ” and is viewed as a start bit 
in the interface sequence. The next 8 bits carry the op code and the 4-bit address for 1 of 16, 16-bit registers. 

X is a don’t care state. 
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Functional Description 

The NMC9307 is a small peripheral memory intended for 
use with COPSTM controiiers and other non-voiatile memory 
applications. The NMC9307 is organized as sixteen regis- 
ters and each register is sixteen bits wide. The input and 
output pins are controiied by separate serial formats. Seven 
9-bit instructions can be executed. The instruction format 
has a logicai ‘1’ as a start bit, four bits as an op code, and 
four bits of address. SK clock cycle is necessary after CS 
equais iogical “1” before the instruction can be loaded. The 
on-chip programming-voitage generator ailows the user to 
use a singie power supply (Vcc)- Only during the read mode 
is the serial output (DO) pin vaiid. During all other modes the 
DO pin is in TRI-STATE®, eliminating bus contention. 

READ 

The read instruction is the only instruction which outputs 
serial data on the DO pin. after a READ instruction is re- 
ceived, the instruction and address are decoded, followed 
by data transfer from the memory register into a 16-bit seri- 
al-out shift register. A dummy bit (logical 'O’) precedes the 
16-bit data output string. Output data changes are initiated 
by a low to high transition of the SK clock. 

ERASE/WRITE ENABLE AND DISABLE 

Programming must be preceded once by a programming 
enable (EWEN) instruction. Programming remains enabled 
until a programming disable (EWDS) instruction is executed. 
The programming disable instruction is provided to protect 
against accidental data disturb. Execution of a READ in- 
struction is independent of both EWEN and EWDS instruc- 
tions. 

ERASE (Note 4) 

Like most ESpROMS, the register must first be erased (all 
bits set to Is) before the register can be written (certain bits 
set to Os). After an ERASE instruction is input, CS is 
dropped low. This falling edge of CS determines the start of 
programming. The register at the address specified in the 

Timing Diagrams 


instruction is then set entirely to 1 s. When the erase/write 
programming time (tg/w) constraint has been satisfied, CS 
is brought up for at least one SK period. A new instruction 
may then be input, or a low-power standby state may be 
achieved by dropping CS low. 

WRITE (Note 4) 

The WRITE instruction is followed by 16 bits of data which 
are written into the specified address. This register must 
have been previously erased. Like any programming mode, 
erase/write time is determined by the low state of CS fol- 
lowing the instruction. The on-chip high voltage section only 
generates high voltage during these programming modes, 
which prevents spurious programming during other modes. 
When CS rises to Vm, the programming cycle ends. All pro- 
gramming modes should be ended with CS high for one SK 
period, or followed by another instruction. 

CHIP ERASE (Note 4) 

Entire chip erasing is provided for ease of programming. 
Erasing the chip means that all registers in the memory ar- 
ray have each bit set to a 1 . Each register is then ready for a 
WRITE instruction. The chip erase (ERAL) instruction is ig- 
nored if the BPE pin is at V|l, i.e., data is not changed. 

CHIP WRITE (Note 4) 

Alt registers must be erased before a chip write operation. 
The chip write cycle is identical to the write cycle, except for 
the different op code. All registers are simultaneously writ- 
ten with the data pattern specified in the instruction. 

The chip write (WRAL) instruction is ignored if the BPE pin is 
at V|i_, i.e., the array data is not changed. 

Note 4: During a programming mode (write, erase, chip erase, chip write), 
SK clock is only needed while the actual instmction, i.e., start bit, op code, 
address and data, is being input. It can remain deactivated during the Erase/ 
Write pulse width (tg/w). 


Synchronous Data Timing 
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NMC9307 


Instruction Timing 


1 1 \‘ 0 


**E/W measured to rising edge of SK or CS, whichever occurs last. 


Timing Diagrams (Continued) 



2-23 


Instruction Timing (Continued) 
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Timing Diagrams (Continued) 
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NMC9307E 256-Bit Serial Electrically Erasable 
Programmable Memory (5V Only) 


General Description 

The NMC9307E is a 256-bit non-volatile sequential access 
memory fabricated using advanced floating gate N-channel 
E^PROM technology. It Is a peripheral memory designed for 
data storage and/or timing and is accessed via the simple 
MICROWIREtm serial interface. The device contains 256 
bits of read/write memory divided into 1 6 registers of 1 6 bits 
each. Each register can be serially read or written by a 
COP400 series controller. Bulk programming instructions 
(chip erase, chip write) can be enabled or disabled by the 
user for enhanced data protection. Written information is 
stored in a floating gate cell with at least 10 years data 
retention and can be updated by an erase-write cycle. The 
NMC9307E has been designed to meet applications requir- 
ing up to 1 X1Q4 erase/write cycles per register. A power 
down mode reduces power consumption by 70 percent. 


Features 

■ Low cost 

■ Single supply operation (5V ± 10%) 

■ TTL compatible 

■ 16x16 serial read/write memory 

■ MICROWIRE compatible serial I/O 

■ Compatible with COP400 processors 

■ Low standby power 

■ Non-volatile erase and write 

■ Reliable floating gate technology 

■ Bulk programming enable/disable for 
enhanced data protection 


Block and Connection Diagrams 



TL/D/8383-1 


Dual-ln-Llne Package 



TL/D/8383-10 


Top View 
Order Number NMC9307EN 
See NS Package Number NOSE 


SO Package 



Top View 


TL/D/8383-2 


Order Number NMC9307EM 
See NS Package Number M14B 
Note 1: Contact factory for S08 availability. 
Note 2: Contact factory for availability of extend- 
ed temperature SO. 


Pin Names 

CS Chip Select 

SK Serial Data Clock 

Dl Serial Data Input 

DO Serial Data Output 

BPE Bulk Program Enable 
Vcc Power Supply 
GND Ground 
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Absolute Maximum Ratings 


Voltage Relative to GND 
Ambient Operating Temperature 
NMC9307E 

Ambient Storage Temperature 
Lead Temp. (Soldering, 10 seconds) 


+ 6Vto -0.3V 

-40”Cto +85“C 
-65°Cto +125°C 
300“C 


Note: Stresses above those listed under "Absolute Maxi- 
mum Ratings " may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicat- 
ed in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


Electrical Characteristics -40°C ^ TA ^ +85°C, Vcc = 5V ± 10% unless otherwise specified 


Conditions 


Min Typ Max 



Parameter 


Operating Voltage (Vcc) 


Operating Current (lcci) 


Standby Current (lcC2) 


Input Voltage Levels 
V|L 
V|H 


Output Voltage Levels 
VoL 
VoH 


Input Leakage Current 
PINS 1,2, 3 
PIN 6 


Output Leakage Current 


SK Frequency 

SK HIGH TIME tsKH (Note 2) 
SK LOW TIME tsKL (Note 2) 
Input Set-Up and Hold Times 


Output Delay 
DO tpDi 

tpDO 


Erase/Write Pulse Width (tE/w) (Note 1) 


CS Low Time (tcs) (Note 3) 


Note 1: t£/w measured to rising edge of SK or CS, whichever occurs last. 

Note 2: The SK frequency spec, specifies a minimum SK clock period of 4 (*s, therefore in an SK clock cycle, Iskh + tSKL ftiust be greater than or t 
e.g. if tsKL = 1 ps then the minimum tsKH = 3 ps in order to meet the SK frequency specification. 

Note 3: CS must be brought low for a minimum of 1 ps (tcs) between consecutive instruction cycles. 


Instruction Set 



Instruction 

SB Op Code 

Address 

READ 

1 10XX 

A3A2A1A0 

WRITE 

1 01 XX 

A3A2A1A0 

ERASE 

1 11XX 

A3A2A1A0 

EWEN 

1 0011 

XXXX 

EWDS 

1 0000 

XXXX 

ERAL (Note 5) 

1 0010 

XXXX 

WRAL (Note 5) 

1 0001 

XXXX 



BPE 

Comments 

X 

Read register A3A2A1A0 

X 

Write register A3A2A1A0 

X 

Erase register A3A2A1 AO 

X 

Erase/write enable 

X 

Erase/write disable 

V|h/OPEN 

Erase all registers 

Vih/OPEN 

Write all registers 



NMC9307E has 7 instructions as shown. Note that MSB of any given instruction is a “1 ” and is viewed as a start bit 
in the interface sequence. The next 8 bits carry the op code and the 4-bit address of 1 of 16, 16-bit registers. 
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NMC9307E 


Functional Description 

The NMC9307E is a small peripheral memory intended for 
use with cops™ controllers and other non-volatile memory 
applications. Its organization is sixteen registers and each 
register is sixteen bits wide.’ The input and output pins are 
controlled by separate serial formats. Seven 9-bit instruc- 
tions can be executed. The instruction format has a logical 
‘1’ as a start bit, four bits as an op code, and four bits of 
address. SK clock cycle is necessary after CS equals logical 
‘1’ before the Instruction can be loaded. The on-chip pro- 
gramming-voltage generator allows the user to use a single 
power supply (Vcc)- Only during the read mode is the serial 
output (DO) pin valid. During all other modes he DO pin is in 
TRI-STATE®, eliminating bus contention. 

The bulk programming instructions (ERAL, WRAL) are en- 
abled or disabled by the PBE pin. The BPE pin at Vm en- 
ables execution of these instructions. The BPE pin at V|l 
causes these instructions to be ignored. If the BPE pin is not 
connected, it is pUlled up to Vcc by an on-chip pull-up and 
the bulk programming instructions are enabled. Execution of 
the EWEN, EWDS, READ and byte programming instruc- 
tions (ERASE, WRITE) are independent of the state of the 
BPE pin. 

READ 

The read instruction is the only instruction which outputs 
serial data on the DO pin. After a READ instruction is re- 
ceived, the instruction and address are decoded, followed 
by data transfer from the memory register into a 1 6-bit seri- 
al-out shift register. A dummy bit (logical ‘0’) precedes the 
16-bit data output string. Output data changes are initiated 
by the low to high transition of the SK clock. 

ERASE/WRITE ENABLE AND DISABLE 

Programming must be preceded once by a programming 
enable (EWEN) instruction. Programming remains enabled 
until a programming disable (EWDS) instruction is executed. 
The programming disable instruction is provided to protect 
against accidental data disturb. Execution of a READ in- 
struction is independent of both EWEN and EWDS instruc- 
tions. 

ERASE (Note 4) 

Like most E2PROMS, the register must first be erased (all 
bits set to 1 s) before the register can be written (certain bits 


set to Os). After an ERASE instruction is input, CS is 
dropped low. This falling edge of CS determines the start of 
programming. The register at the address specified in the 
instruction is then set entirely to 1 s. When the erase/write 
programming time (te/w) constraint has been satisfied, CS 
is brought up for at least one SK period. A new instruction 
may then be input, or a low-power standby state may be 
achieved by dropping CS low. 

WRITE (Note 4) 

The WRITE instruction is followed by 16 bits of data which 
are written into the specified address. This register must 
have been previously erased. Like any programming mode, 
erase/write time is determined by the low state of CS fol- 
lowing the instruction. The on-chip high voltage section only 
generates high voltage during these programming modes, 
which prevents spurious programming during other modes. 
When CS rises to V|h, the programming cycle ends. All pro- 
gramming modes should be ended with CS high for one SK 
period, or followed by another instruction. 

CHIP ERASE (Note 4) 

Entire chip erasing is provided for ease of programming. 
Erasing the chip means that all registers in the memory ar- 
ray have each bit set to a 1 . Each register is then ready for a 
WRITE instruction. The chip erase (ERAL) instruction is ig- 
nored if the BPE pin is at V|l, i.e. the array data is not 
changed. 

CHIP WRITE (Note 4) 

All registers must be erased before a chip write operation. 
The chip write cycle is identical to the write cycle except for 
the different op code. All registers are simultaneously writ- 
ten with the data pattern specified in the instruction. The 
chip write (WRAL) instruction is ignored if the BPE pin is at 
V|L, i.e. the array data is not changed. 

Note 4: During a programming mode (write, erase, ohip erase, chip write), 
SK clock is oniy needed while the actual instruction, i.e. start bit, op 
code, address and data, is being input. It can remain deactivated 
during the Erase/Write pulse width (te/w)- 
Note 5: The ERAL and WRAL instructions are ignored if the BPE pin is at 
V|L, i.e. the array data is not changed. 


Timing Diagrams 


Synchronous Data Timing 
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•This is the minimum SK period 
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Instruction Timing 
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Timing Diagrams (Continued) 
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Instruction Timing (Continued) 
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to rising edge of SK or CS, whichever occurs last. 


Note 5: The ERAL and WRAL instructions are ignored if the BPE pin is at ViL, i.e. the array data is not changed. 


Timing Diagrams (Continued) 
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PRELIMINARY 


NMC9346 1024-Bit Serial Electrically Erasable 
Programmable Memory (5V Only) 


General Description 

The NMC9346 is a 1024-bit non-volatile, sequential 
E2PROM, fabricated using advanced N-channel E2pROM 
technology. It is an external memory with the 1024 bits of 
read/write memory divided into 64 registers of 16 bits each. 
Each register can be serially read or written by a COP400 
controller, or a standard microprocessor. Written informa- 
tion is stored in a floating gate cell until updated by an erase 
and write cycle. The NMC9346 has been designed for appli- 
cations requiring up to 1 04 erase/write cycles per register. A 
power-down mode is provided by CS to reduce power con- 
sumption by 75 percent. 


Features 

■ 10,000 erase/write cycles 

■ 10 year data retention 

■ Low cost 

■ Single supply read/write/erase operations (5V±10%) 

■ TTL compatible 

■ 64 X 16 serial read/write memory 

■ MICROWIREtm compatible serial I/O 

■ Simple interfacing 

■ Low standby power 

■ Non-volatile erase and write 

■ Reliable floating gate technology 

■ Self-timed programming cycle 

■ Device status signal during programming 


Block and Connection Diagrams 



Dual-ln-Llne Package 



Order Number NMC9346N 
See NS Package Number NOSE 


SO Package 



Order Number NMC9346M 
See NS Package Number M14B 

Note: Contact factotv for SOS availability. 


Pin Names 

CS Chip Select 

SK Serial Data Clock 

Dl Serial Data Input 

DO Serial Data Output 

Vcc Power Supply 

GND Ground 

NC Not Connected 
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NMC9346 


Absolute Maximum Ratings (Note i> 

Specifications for Miiitary/ Aerospace products are not 
contained in this datasheet. Refer to the associated 
reiiabiiity eiectricai test specifications document. 
Voltage Relative to GND +6Vto-0.3V 

Ambient Operating Temperature 0°C to +70°C 


Ambient Storage Temp. - 65°C to + 1 25°C 

Lead Temperature (Soldering, 1 0 seconds) 300°C 

ESD rating is to be determined. 


DC and AC Electrical Characteristics o‘>c^ta^70‘’c.vcc=5v± io% unless specified 


Symboi 


Vcc 





Parameter 


Operating Voltage 


Operating Current 
Erase/Write Operating Current 


Standby Current 


Input Voltage Levels 


Output Voltage Levels 


Input Leakage Current 


Output Leakage Current 


SK Frequency 
SK High Time (Note 2) 
SK Low Time (Note 2) 


Conditions 


Vcc=5.5V,CS=1,SK=1 

Vcc=5.5V 


Vcc=5.5V.CS = 0 



iOL=2.1 mA 
iOH=-400 )xA 


V|n = 5.5V 


VouT=5.5V, CS = 0 





Cl=100pF 

VoL = 0.8V, VoH = 2.0V 

V|L= 0.45V, V|H = 2.40V 


Self-Timed Program Cycle 


Min CS Low Time (Note 3) 


Rising Edge of CS to Status Valid 



Cl= 100 pF 



toH.tiH Falling Edge of CS to DO TRI-STATE® 0.4 )xs 


Note 1: Stress above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specification is not implied. Exposure to absoiute 
maximum rating conditions for extended periods may affect device reliability. 

Note 2: The SK frequency spec, specifies a minimum SK clock period of 4 p.s, therefore in an SK clock cycle tsKH + 'skl '"ust be greater than or equal to 4 p.s. 
e.g., If tsKL = 1 MS then the minimum tsKH = 3 ms in order to meet the SK frequency specification. 

Note 3: CS must be brought low for a minimum of 1 fis (tcs) between consecutive instruction cycles. 


Instruction Set for NMC9346 



Instruction 

^1 

Op Code 

Address 

READ 

1 

10 

A5A4A3A2A1A0 

WRITE 

1 

01 

A5A4A3A2A1A0 

ERASE 

1 

11 

A5A4A3A2A1A0 

EWEN 

1 

00 

llxxxx 

EWDS 

1 

00 

OOxxxx 

ERAL 

1 

00 

lOxxxx 

WRAL 

1 

00 

Olxxxx 


Comments 


Read register A5A4A3A2A1 AO 


Erase register A5A4A3A2A1 AO 


Erase/write enable 


Erase/write disable 


Erase all registers 


D15-D0 Write all registers 


NMC9346 has 7 instructions as shown. Note that the MSB of any given instruction is a “1 ” and is viewed as a start bit in the 
interface sequence. The next 8 bits carry the op code and the 6-bit address for 1 of 64, 16-bif registers. 
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Functional Description 

The NMC9346 is a small peripheral memory Intended for 
use with COPSTM controllers and other nonvolatile memory 
applications. The NMC9346 is organized as sixty-four regis- 
ters and each register is sixteen bits wide. The input and 
output pins are controlled by separate serial formats. Seven 
9-bit instructions can be executed. The instruction format 
has a logical '1 ’ as a start bit, two bits as an op code, and six 
bits of address. The programming cycle is self-timed, with 
the data out (DO) pin indicating the ready/busy status of the 
chip. The on-chip programming voltage generator allows the 
user to use a single power supply (Vcc)- It only generates 
high voltage during the programming modes (write, erase, 
chip erase, chip write) to prevent spurious programming dur- 
ing other modes. The DO pin is valid as data out during the 
read mode, and if initiated, as a ready/busy status indicator 
during a programming cycle. During all other modes the DO 
pin is in TRI-STATE, eliminating bus contention. 

READ 

The read instruction is the only instruction which outputs 
serial data on the DO pin. After a read instruction is re- 
ceived, the instruction and address are decoded, followed 
by data transfer from the memory register into a 16-bit seri- 
al-out shift register. A dummy bit (logical ‘0’) precedes the 
1 6-bit data output string. Output data changes are initiated 
by a low to high transition of the SK clock. 

ERASE/WRITE ENABLE AND DISABLE 

When Vcc is applied to the part it powers up in the program- 
ming disable (EWDS) state, programming must be preceded 
by a programming enable (EWEN) Instruction. Programming 
remains enabled until a programming disable (EWDS) in- 
struction is executed or Vcc Is removed from the part. The 
programming disable Instruction is provided to protect 
against accidental data disturb. Execution of a read instruc- 
tion is independent of both EWEN and EWDS instructions. 

ERASE (Note 4) 

Like most ESPROMs, the register must first be erased (all 
bits set to logical '1') before the register can be written (cer- 
tain bits set to logical ‘0’). After an erase instruction is input, 
CS is dropped low. This falling edge of CS determines 


the start of the self-timed programming cycle. If CS is 
brought high subsequently (after observing the tcs specifi- 
cation), the DO pin will indicate the ready/busy status of the 
chip. The DO pin will go low if the chip is still programming. 
The DO pin will go high when all bits of the register at the 
address specified in the instruction have been set to a logi- 
cal ‘1’. The part is now ready for the next instruction se- 
quence. 

WRITE (Note 4) 

The write instruction is followed by 16 bits of data to be 
written into the specified address. After the last bit of data 
(DO) is put on the data in (Dl) pin CS must be brought low 
before the next rising edge of the SK clock. This falling edge 
of CS initiates the self-timed programming cycle. Like all 
programming modes, DO indicates the ready/busy status of 
the chip if CS is brought high after a minimum of 1 jtiS (tcs). 
DO = logical ‘0’ indicates that programming is still in prog- 
ress. DO = logical ‘1’ indicates that the register at the ad- 
dress specified in the instruction has been written with the 
data pattern specified in the instruction and the part is ready 
for another instruction. The register to be written into must 
have been previously erased. 

CHIP ERASE (Note 4) 

Entire chip erasing is provided for ease of programming. 
Erasing the chip means that all registers in the memory ar- 
ray have each bit set to a logical ‘1’. Each register is then 
ready for a write instruction. The chip erase cycle is identical 
to the erase cycle except for the different op code. 

CHIP WRITE (Note 4) 

All registers must be erased before a chip write operation. 
The chip write cycle Is identical to the write cycle except for 
the different op code. All registers are simultaneously writ- 
ten with the data pattern specified in the instruction. 

Note 4: During a programming mode (write, erase, chip erase, chip write), 
SK clock is only needed while the actual instruction, i.e., start bit, op code, 
address and data, is being input. It can remain deactivated during the self- 
timed programming cycle and status check. 


Timing Diagrams 


Synchronous Data Timing 



TL/D/9205-4 


•This is the minimum SK period. 
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Instruction Timing 
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Timing Diagrams (Continued) 
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Instruction Timing 
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Timing Diagrams (Continued) 
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PRELIMINARY 


NMC9346E 1024-Bit Serial Electrically Erasable 
Programmable Memory (5V Only) 


General Description 

The NMC9346E is a 1024-bit non-voiatiie, sequentiai 
E2pROM, fabricated using advanced N-channei E2pROM 
technoiogy. It is an external memory with the 1024 bits of 
read/write memory divided into 64 registers of 16 bits each. 
Each register can be serially read or written by a COP400 
controller, or a standard microprocessor. Written informa- 
tion is stored in a floating gate cell until updated by an erase 
and write cycle. The NMC9346E has been designed for ap- 
plications requiring up to 104 erase/write cycles per regis- 
ter. A power-down mode is provided by CS to reduce power 
consumption by 75 percent. 


Block and Connection Diagrams 


Features 

■ 10,000 erase/write cycles 

■ 10 year data retention 

■ Low cost 

■ Single supply read/write/erase operations (5V±10%) 

■ TTL compatible 

■ 64 X 16 serial read/write memory 

■ microwire™ compatible serial I/O 

■ Simple interfacing 

■ Low standby power 

■ Non-volatile erase and write 

■ Reliable floating gate technology 

■ Self-timed programming cycle 

■ Device status signal during programming 


Dual-ln-Line Package 




Top View 

Order Number NMC9346EN 
See NS Package Number NOSE 

SO Package 


TL/D/9206-3 

Top View 

Order Number NMC9346EM 
See NS Package Number M14B 

Note 1: Contact factory for SOB availability. 
Note 2: Contact factory for availability of extend- 
ed temperature SO. 

Pin Names 

CS Chip Select 

SK Serial Data Clock 

Dl Serial Data Input 

DO Serial Data Output 

Vcc Power Supply 

GND Ground 

NC Not Connected 
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Absolute Maximum Ratings (Notei) 

Specifications for Miiitary/ Aerospace products are not Ambient Storage Temp. -65“Cto +125°C 

contained in this datasheet. Refer to the associated Lead Temperature (Soldering, 10 seconds) 300°C 

reliability electrical test specifications document. determined. 

Voltage Relative to GND +6V to -0.3V 

Ambient Operating Temperature -40°Cto +85°C 

DC and AC Electrical Characteristics o«c^ta^7o°c,vcc=5v±io% unless specified 


Symbol 


Vcc 



Parameter 


Operating Voltage 


Operating Current 
Erase/Write Operating Current 


Standby Current 


Input Voltage Levels 


Output Voltage Levels 


Input Leakage Current 


Output Leakage Current 


SK Frequency 
SK High Time (Note 2) 
SK Low Time (Note 2) 


Conditions 


Vcc=5.5V, CS=1,SK=1 
Vcc =-- 5.5V 


Vcc = 5.5 V. CS = 0 


Iol= 2.1 mA 
Iqh— —400 juA 


V|n = 5.5V 


VouT=5.5V, CS = 0 





Cl= 100 pF 

VoL= 0.8V, VoH = 2.0V 

V|L= 0.45 V. V|H = 2.40V 


Self-Timed Program Cycle 


Min CS Low Time (Note 3) 


Rising Edge of CS to Status Valid 



Cl= 100 pF 



fOH. f|H Falling Edge of CS to DO TRI-STATE® 0.4 p,s 


Note 1: Stress above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

Note 2: The SK frequency spec, specifies a minimum SK clock period of 4 /is, therefore in an SK clock cycle tsKH + 'skl 'riust be greater than or equal to 4 jis. 
e.g., if tsKL = 1 fis then the minimum tsKH = 3 ^s in order to meet the SK frequency specification. 

Note 3: CS must be brought low for a minimum of 1 ^s (tcs) between consecutive instruction cycles. 


Instruction Set for NMC9346E 



Instruction 

l^l 

Op Code 

Address 

READ 

1 

10 

A5A4A3A2A1A0 

WRITE 

1 

01 

A5A4A3A2A1A0 

ERASE 

1 

11 

A5A4A3A2A1A0 

EWEN 

1 

00 

llxxxx 

EWDS 

1 

00 

OOxxxx 

ERAL 

1 

00 

lOxxxx 

WRAL 

1 

00 

Olxxxx 


Comments 


Read register A5A4A3A2A1A0 


Erase register A5A4A3A2A1 AO 


Erase/write enable 


Erase/write disable 


Erase all registers 


D15-D0 Write all registers 


NMC9346E has 7 instructions as shown. Note that the MSB of any given instruction is a "1” and is viewed as a start bit in 
the interface sequence. The next 8 bits carry the op code and the 6-blt address for 1 of 64, 16-bit registers. 
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Functional Description 

The NMC9346E is a small peripheral memory intended for 
use with cops™ controllers and other nonvolatile memory 
applications. Its organization is sixty-four registers and each 
register is sixteen bits wide. The input and output pins are 
controlled by separate serial formats. Seven 9-bit instruc- 
tions can be executed. The instruction format has a logical 
‘1’ as a start bit, two bits as an op code, and six bits of 
address. The programming cycle is self-timed, with the data 
out (DO) pin indicating the ready/busy status of the chip. 
The on-chip programming voltage generator allows the user 
to use a single power supply (Vcc)- It only generates high 
voltage during the programming modes (write, erase, chip 
erase, chip write) to prevent spurious programming during 
other modes. The DO pin is valid as data out during the read 
mode, and if initiated, as a ready/busy status indicator dur- 
ing a programrning cycle. During all other modes the DO pin 
is in TRI-STATE, eliminating bus contention. 

READ 

The read instruction is the only instruction which outputs 
serial data on the DO pin. After a read instruction is re- 
. ceived, the instruction and address are decoded, followed 
by data transfer from the memory register into a 1 6-bit seri- 
al-out shift register. A dummy bit (logical ‘0’) precedes the 
1 6-bit data output string. Output data changes are initiated 
by a low to high transition of the SK clock. 

ERASE/WRITE ENABLE AND DISABLE 

When Vcc 's applied to the part it powers up in the program- 
ming disable (EWDS) state, programming must be preceded 
by a programming enable (EWEN) instruction. Programming 
remains enabled until a programming disable (EWDS) in- 
struction is executed or Vcc is removed from the part. The 
programming disable instruction is provided to protect 
against accidental data disturb. Execution of a read instruc- 
tion is independent of both EWEN and EWDS instructions. 

ERASE (Note 4) 

Like most ESPROMs, the register must first be erased (all 
bits set to logical ‘1’) before the register can be written (cer- 
tain bits set to logical ‘0’). After an erase instruction is input, 
CS is dropped low. This falling edge of CS determines 


the start of the self-timed programming cycle. If CS is 
brought high subsequently (after observing the tcs specifi- 
cation), the DO pin will indicate the ready/busy status of the 
chip. The DO pin will go low if the chip is still programming. 
The DO pin will go high when all bits of the register at the 
address specified in the instruction have been set to a logi- 
cal ‘1’. The part is now ready for the next instruction se- 
quence. 

WRITE (Note 4) 

The write instruction is followed by 16 bits of data to be 
written into the specified address. After the last bit of data 
(DO) is put on the data in (Dl) pin CS must be brought low 
before the next rising edge of the SK clock. This falling edge 
of CS initiates the self-timed programming cycle. Like all 
programming modes, DO indicates the ready/busy status of 
the chip if CS is brought high after a minimum of 1 fiS (tcs)- 
DO = logical ‘O’ indicates that programming is still in prog- 
ress. DO = logical ‘1’ indicates that the register at the ad- 
dress specified in the instruction has been written with the 
data pattern specified in the instruction and the part is ready 
for another instruction. The register to be written into must 
have been previously erased. 

CHIP ERASE (Note 4) 

Entire chip erasing is provided for ease of programming. 
Erasing the chip means that all registers in the memory ar- 
ray have each bit set to a logical T. Each register is then 
ready for a write instruction. The chip erase cycle is identical 
to the erase cycle except for the different op code. 

CHIP WRITE (Note 4) 

All registers must be erased before a chip write operation. 
The chip write cycle is identical to the write cycle except for 
the different op code. All registers are simultaneously writ- 
ten with the data pattern specified in the instruction. 

Note 4: During a programming mode (write, erase, chip erase, chip write), 
SK clock is oniy needed whiie the actuai instruction, i.e., start bit, op code, 
address and data, is being input. It can remain deactivated during the seif- 
timed programming cycle and status check. 


Timing Diagrams 


Synchronous Data Timing 



•This is the minimum SK period. 


2-36 





2-38 


Instruction Timing 
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Timing Diagrams (Continued) 
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PRELIMINARY 


NMC9346MN 1024-Bit Serial Electrically Erasable 
Programmable Memory (Mill Temp) 


General Description 

The NMC9346MN is a 1024-bit non-volatile, sequential 
E2pROM, fabricated using advanced N-channel E2PROM 
technology. It is an external memory with the 1024 bits of 
read/write memory divided into 64 registers of 1 6 bits each. 
Each register can be serially read or written by a COP400 
controller, or a standard microprocessor. Written informa- 
tion is stored in a floating gate cell until updated by an erase 
and write cycle. The NMC9346MN has been designed for 
applications requiring up to 104 erase/write cycles per reg- 
ister. A power-down mode is provided by CS to reduce pow- 
er consumption by 75 percent. 


Features 

■ 10,000 erase/write cycles 

■ 10 year data retention 

■ Low cost 

■ Single supply read/write/erase operations (5V±10%) 

■ TTL compatible 

■ 64 X 16 serial read/write memory 

■ MICROWIREtm compatible serial I/O 

■ Simple interfacing 

■ Low standby power 

■ Non-volatile erase and write 

■ Reliable floating gate technology 

■ Self-timed programming cycle 

■ Device status signai during programming 


Block and Connection Diagrams 


Dual-ln-Llne Package 


DATA REGISTER 
(17 BITS) 


INSTRUCTION 
REGISTER 
(9 BITS) 


INSTRUCTION 
DECODE, 
CONTROL, 
AND CLOCK 
GENERATOR 



Top View 

Order Number NMC9346MN 
See NS Package Number NOSE 

Pin Names 

CS Chip Select 

SK Serial Data Clock 

Dl Serial Data Input 

DO Serial Data Output 

Vcc Power Supply 

GND Ground 

NC Not Connected 
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NMC9346MN 


Absolute Maximum Ratings (Notei) 

Specifications for Miiitary/ Aerospace products are not 
contained in this datasheet. Refer to the associated 
reiiabiiity eiectricai test specifications document. 

Voltage Relative to GND +6V to -0.3V 

Ambient Operating Temperature — 55°C to + 125°C 


Ambient Storage Temp. -65°Cto +125°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

ESD rating is to be determined. 


DC and AC Electrical Characteristics -55 °c^ta^+i25°c,vcc=5v±io% unless specified 


Symbol 


Vcc 





Parameter 


Operating Voltage 


Operating Current 
Erase/Write Operating Current 


Standby Current 


Input Voltage Levels 


Output Voltage Levels 


Input Leakage Current 


Output Leakage Current 


SK Frequency 
SK High Time (Note 2) 
SK Low Time (Note 2) 


Conditions 


Vcc=5.5V.CS=1,SK=1 

Vcc=5.5V 


Vcc = 5.5 V, CS = 0 



Iql= 2.1 mA 
Iqh= -400 JU.A 


V|n = 5.5V 


VouT — 5.5V, CS = 0 





Cl=100pF 

VoL = 0.8V, VoH = 2.0V 

V|l=0.45V, V|h = 2.40V 


Self-Timed Program Cycle 


Min CS Low Time (Note 3) 


Rising Edge of CS to Status Valid 


Falling Edge of CS to DO TRI-STATE® 


Note 1: Stress above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reiiabiiity. 

Note 2: The SK frequency spec, specifies a minimum SK clock period of 5 (xs, therefore in an SK clock cycle tsKH + 'SKL f^ust be greater than or equal to 5 ps. 
e.g., if tsKL = 2 ps then the minimum tsKH = 3 ps in order to meet the SK frequency specification. 

Note 3: CS must be brought low for a minimum of 1 ps (tcs) between consecutive instruction cycles. 




Instruction Set for NMC9346MN 


Instruction 


READ 



Op Code 

Address 

10 

A5A4A3A2A1A0 

01 

A5A4A3A2A1A0 

11 

A5A4A3A2A1A0 

00 

llxxxx 

00 

OOxxxx 

00 

lOxxxx 

00 

Olxxxx 



Comments 


Read register A5A4A3A2A1A0 


Erase register A5A4A3A2A1 AO 


Erase/write enable 


Erase/write disable 


Erase all registers 


D15-D0 Write all registers 


NMC9346MN has 7 Instructions as shown. Note that the MSB of any given instruction is a "1 " and is viewed as a start bit in 
the interface sequence. The next 8 bits carry the op oode and the 6-bit address for 1 of 64, 16-bit registers. 



2-40 













































































































Functional Description 

The NMC9346MN is a small peripheral memory intended for 
use with cops™ controllers and other nonvolatile memory 
applications. The NMC9346MN is organized as sixty-four 
registers and each register is sixteen bits wide. The input 
and output pins are controlled by separate serial formats. 
Seven 9-bit instructions can be executed. The instruction 
format has a logical ‘1 ' as a start bit, two bits as an op code, 
and six bits of address. The programming cycle is self- 
timed, with the data out (DO) pin indicating the ready/busy 
status of the chip. The on-chip programming voltage gener- 
ator allows the user to use a single power supply (Vcc)- It 
only generates high voltage during the programming modes 
(write, erase, chip erase, chip write) to prevent spurious pro- 
gramming during other modes. The DO pin is valid as data 
out during the read mode, and if initiated, as a ready/busy 
status indicator during a programming cycle. During all other 
modes the DO pin is in TRI-STATE, eliminating bus conten- 
tion. 

READ 

The read instruction is the only instruction which outputs 
serial data on the DO pin. After a read instruction is re- 
ceived, the instruction and address are decoded, followed 
by data transfer from the memory register into a 1 6-bit seri- 
al-out shift register. A dummy bit (logical ‘0’) precedes the 
1 6-bit data output string. Output data changes are initiated 
by a low to high transition of the SK clock. 

ERASE/WRITE ENABLE AND DISABLE 

When Vcc is applied to the part it powers up in the program- 
ming disable (EWDS) state, programming must be preceded 
by a programming enable (EWEN) instruction. Programming 
remains enabled until a programming disable (EWDS) in- 
struction is executed or Vcc is removed from the part. The 
programming disable instruction is provided to protect 
against accidental data disturb. Execution of a read instruc- 
tion is independent of both EWEN and EWDS instructions. 

ERASE (Note 4) 

Like most ESPROMs, the register must first be erased (all 
bits set to logical ‘1’) before the register can be written (cer- 
tain bits set to logical ‘0’). After an erase instruction is input, 
CS is dropped low. This falling edge of CS determines 


the start of the self-timed programming cycle. If CS is 
brought high subsequently (after observing the tcs specifi- 
cation), the DO pin will indicate the ready/busy status of the 
chip. The DO pin will go low if the chip is still programming. 
The DO pin will go high when all bits of the register at the 
address specified in the instruction have been set to a logi- 
cal ‘1’. The part is now ready for the next instruction se- 
quence. 

WRITE (Note 4) 

The write instruction is followed by 16 bits of data to be 
written into the specified address. After the last bit of data 
(DO) is put on the data in (Dl) pin CS must be brought low 
before the next rising edge of the SK clock. This falling edge 
of CS initiates the self-timed programming cycle. Like all 
programming modes, DO indicates the ready/busy status of 
the chip if CS is brought high after a minimum of 1 p.S (tcs)- 
DO = logical ‘0’ indicates that programming is still in prog- 
ress. DO = logical ‘1’ indicates that the register at the ad- 
dress specified in the instruction has been written with the 
data pattern specified in the instruction and the part is ready 
for another instruction. The register to be written into must 
have been previously erased. 

CHIP ERASE (Note 4) 

Entire chip erasing is provided for ease of programming. 
Erasing the chip means that all registers in the memory ar- 
ray have each bit set to a logical ‘V. Each register is then 
ready for a write instruction. The chip erase cycle is identical 
to the erase cycle except for the different op code. 

CHIP WRITE (Note 4) 

All registers must be erased before a chip write operation. 
The chip write cycle is identical to the write cycle except for 
the different op code. All registers are simultaneously writ- 
ten with the data pattern specified in the instruction. 

Note 4: During a programming mode (write, erase, chip erase, chip write), 
SK clock is only needed while the actual instruction, i.e., start bit, op code, 
address and data, is being input. |t can remain deactivated during the self- 
timed programming cycle and status check. 


Timing Diagrams 

Synchronous Data Timing 
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•This is the minimum SK period. 
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NMC9346MN 


READ 


WRITE 


EWEN 

EWDS 


Instruction Timing 
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Instruction Timing 
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NMC93CS06/NMC93CS26/NMC93CS46 




National 

Semiconductor 

Corporation 


PRELIMINARY 


NMC93CS06/NMC93CS26/NMC93CS46 
256-Bit/512-Bit/1024-Bit Serial 
Electrically Erasable Programmable 
Read Only Memories (EEPROM) 


General Description 

The NMC93CS06/NMC93CS26/NMC93CS46 are external 
memories with 256/512/1024 bits of read/write memory di- 
vided into 16/32/64 registers of 16 bits each. N registers 
(N ^ 1 6, N ^ 32 or N ^ 64) can be protected against data 
modification by programming into a special on-chip register 
called the memory 'protect register’ the address of the first 
register to be protected. This address can be ‘locked’ into 
the device, so that these registers can be permanently pro- 
tected. Thereafter, all attempts to alter data in a register 
whose address is equal to or greater than the address 
stored in the ‘protect register’ will be aborted. 

The ‘read’ instruction loads the address of the first register 
to be read into an 8-bit address pointer. Then the data is 
clocked out serially on the ‘DO’ pin and automatically cycles 
to the next register to produce a serial data stream. In this 
way the entire memory can be read in one continuous data 
stream or as registers of varying length from 16 to 256/512/ 
1024 bits. Thus, the NMC93CS06/NMC93CS26/ 
NMC93CS46 can be viewed as a non-volatile shift register. 
The ‘write’ cycle is completely self-timed and includes an 
automatic register erase so that no separate erase cycle is 
required. The ‘write’ cycle is only enabled when pin 6 (pro- 


gram enable) is held ‘high’. If the address of the register to 
be written is less than the address in the ‘protect register’ 
then the data is written 16 bits at a time into one of the 
16/32/64 data registers. If ‘CS’ is brought ‘high’ following 
the initiation of a ‘write’ cycle the ‘DO’ pin indicates the 
ready/busy status of the chip. 

National Semiconductor’s EEPROMs are designed and 
tested for applications requiring extended endurance. Refer 
to device operation for further endurance information. Data 
retention is specified to be greater than 1 0 years. 

Features 

■ Write protection in user defined section of memory 

■ Typical active current 1 mA; Typical standby current 
25 iiA 

m Reliable CMOS floating gate technology 

■ 5 volt only operation in all modes 

■ Microwire compatible serial I/O 

■ Self-timed programming cycle with autoerase 

■ Device status signal during programming mode 

■ Sequential register read 

■ Over 10 years data retention 


Connection Diagrams 


PIN OUT: 

Dual-ln-Line Package 


Pin Names 

ckage qS Chip Select 

—I SK Serial Data Clock 

8 —\qq DI Serial Data Input 

7 _pRE DO Serial Data Output 

6 —PE GND Ground 

5-GND Program Enable 

PRE Protect Register Enable 

TL/D/9208-1 Vcc Power Supply 


Top View 


PIN OUT: 

SO Package 


— ^ 

1 

y — 

14 

2 

13 

3 

12 

4 

11 

5 

10 

6 

9 

7 

8 


Pin Names 

CS Chip Select 
SK Serial Data Clock 
DI Serial Data Input 

DO Serial Data Output 
GND Ground 
PE Program Enable 
PRE Protect Register Enable 
Vcc Power Supply 


Top View 

Order Number NMC93CS06N, NMC93CS26N, NMC93CS46N, NMC93CS06EN, 
NMC93CS26EN, NMC93CS46EN, NMC93CS06MN, NMC93CS26MN or NMC93CS46MN 
See Package Number M14A or NOSE 
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Absolute Maximum Ratings (Note i) 

Specifications for Miiitary/ Aerospace products are not 
contained in this datasheet. Refer to the associated 
reiiability electrical test specifications document. 
Ambient Operating Temperature 
NMC93CS06/NMC93CS26/ -10°Cto +80°C 

NMC93CS46 

NMC93CS06E/NMC93CS26E/ -SQ-Cto +95°C 

NMC93CS46E 

NMC93CS06M/NMC93CS26M/ -65°Cto +125°C 
NMC93CS46M (Mil. Temp.) 


Ambient Storage Temperature -65°C to + 150°C 

All Input or Output Voltages + 6.5V to - 0.3 V 

with Respect to Ground 

Lead T emperature (Soldering, 1 0 sec.) + 300°C 

ESD rating to be determined. 


DC and AC Electrical Characteristics 

-40°C < Ta < +85°C E, -55°C < T^ < +125°C M 0°C < Ta < 70°C, 4.5V < Vcc < 5.5V (unless otherwise specified) 


Symbol 

Parameter 

Part Number 

Conditions 

Min 

Max 

Units 

■cci 

Operating Current 

NMC93CS06/NMC93CS26/NMC93CS46 

CS = ViH.SK = 1 MHz 


n 



CMOS Input Levels 

NMC93CS06E/NMC93CS26E/NMC93CS46E 




mA 



NMC93CS06M/NMC93CS26M/NMC93CS46M 





ICC2 

Operating Current 

NMC93CS06/NMC93CS26/NMC93CS46 

CS = Vih.sk = 1 MHz 


3 



TTL Input Levels 

NMC93CS06E/NMC93CS26E/NMC93CS46E 



6 

mA 



NMC93CS06M/NMC93CS26M/NMC93CS46M 



6 


ICC3 

Standby Current 

NMC93CS06/NMC93CS26/NMC93CS46 

CS = OV 


50 



I 

NMC93CS06E/NMC93CS26E/NMC93CS46E 



100 

jliA 



NMC93CS06M/NMC93CS26M/NMC93CS46M 



100 


l|L 

Input Leakage 

NMC93CS06/NMC93CS26/NMC93CS46 

V|N = OV to Vcc 

-2.5 

2.5 




NMC93CS06E/NMC93CS26E/NMC93CS46E 


-10 . 

10 

jliA 



NMC93CS06M/NMC93CS26M/NMC93CS46M 


-10 

10 


lOL 

Output Leakage 

NMC93CS06/NMC93CS26/NMC93CS46 

VqUT = OV to Vcc 

-2.5 

2.5 




NMC93CS06E/NMC93CS26E/NMC93CS46E 


-10 

10 

IxA 



NMC93CS06M/NMC93CS26M/NMC93CS46M 


-10 

10 


V|L 

Input Low Voltage 



-0.1 

— 

y 

V|H 

Input High Voltage 






V0L1 

Output Low Voltage 


Iql = 2.1 mA 

■■ 

0.4 

y 

VoH1 

Output High Voltage 


Iqh = -400 juA 




V0L2 

Output Low Voltage 


Iql = 10 jaA 


0.2 

V 

VqH2 

Output High Voltage 


Iqh = -10 jiA 

CM 

O 

1 

o 

o 

> 


,fSK 

SK Clock Frequency 

NMC93CS06/NMC93CS26/NMC93CS46 


0 

Hi 




NMC93CS06E/NMC93CS26E/NMC93CS46E 




MHz 



NMC93CS06M/NMC93CS26M/NMC93CS46M 





tSKH 

SK High Time 

NMC93CS06/NMC93CS26/NMC93CS46 

(Note 2) 






NMC93CS06E/NMC93CS26E/NMC93CS46E 




ns 



NMC93CS06M/NMC93CS26M/NMC93CS46M 


500 1 

hHI 


tSKL 

SK Low Time 

NMC93CS06/NMC93CS26/NMC93CS46 

(Note 2) 

HI 





NMC93CS06E/NMC93CS26E/NMC93CS46E 


wbm 


ns 



NMC93CS06M/NMC93CS26M/NMC93CS46M 


500 1 



tcs 

Minimum CS 

NMC93CS06/NMC93CS26/NMC93CS46 

(Note 3) 

■■ 

|H|^| 



Low Time 

NMC93CS06E/NMC93CS26E/NMC93CS46E 


msm 


ns 



NMC93CS06M/NMC93CS26M/NMC93CS46M 


500 

mi 


tcss 

CS Setup Time 

NMC93CS06/NMC93CS26/NMC93CS46 

Relative to SK 

50 

^■H 

1 



NMC93CS06E/NMC93CS26E/NMC93CS46E 


100 


ns 



NMC93CS06M/NMC93CS26M/NMC93CS46M 


100 



tpRES 

PRE Setup Time 

NMC93CS06/NMC93CS26/NMC93CS46 

Relative to SK 

50 

H||H' 




NMC93CS06E/NMC93CS26E/NMC93CS46E 


100 


ns 



NMC93CS06M/NMC93CS26M/NMC93CS46M 


100 

IHI 



2-45 

















































































NMC93CS06/NMC93CS26/NMC93CS46 


DC and AC Electrical Characteristics 

0°C < Ta < 70°C, 4.5V < Vcc < 5.5V (unless otherwise specified) (Continued) 


Part Number 


NMC93CS06/NMC93CS26/NMC93CS46 

NMC93CS06E/NMC93CS26E/NMC93CS46E 

NMC93CS06M/NMC93CS26M/NMC93CS46M 


NMC93CS06/NMC93CS26/NMC93CS46 

NMC93CS06E/NMC93CS26E/NMC93CS46E 

NMC93CS06M/NMC93CS26M/NMC93CS46M 


Symbol 

Parameter 

tpES 

PE Setup Time 

tois 

D1 Setup Time 

tcSH 

CS Hold Time 

tpEH 

PE Hold Time 

tpREH 

PRE Hold Time 

toiH 

Dl Hold Time 

tpDI 

Output Delay to “1” 

tpDO 

Output Delay to "0” 

tsv 

CS to Status Valid 

^DF 

CS to DO in 
TRI-STATE® 

tyyp 

Write Cycle Time 


Conditions 


Relative to SK 


Relative to SK 


Relative to SK 


Relative to CS 
Relative to CS 
Relative to CS 


Max Units 


NMC93CS06/NMC93CS26/NMC93CS46 

NMC93CS06E/NMC93CS26E/NMC93CS46E 

NMC93CS06M/NMC93CS26M/NMC93CS46M 


NMC93CS06/NMC93CS26/NMC93CS46 

NMC93CS06E/NMC93CS26E/NMC93CS46E 

NMC93CS06M/NMC93CS26M/NMC93CS46M 


NMC93CS06/NMC93CS26/NMC93CS46 

NMC93CS06E/NMC93CS26E/NMC93CS46E 

NMC93CS06M/NMC93CS26M/NMC93CS46M 


NMC93CS06/NMC93CS26/NMC93CS46 

NMC93CS06E/NMC93CS26E/NMC93CS46E 

NMC93CS06M/NMC93CS26M/NMC93CS46M 


NMC93CS06/NMC93CS26/NMC93CS46 

NMC93CS06E/NMC93CS26E/NMC93CS46E 

NMC93CS06M/NMC93CS26M/NMC93CS46M 


NMC93CS06/NMC93CS26/NMC93CS46 

NMC93CS06E/NMC93CS26E/NMC93CS46E 

NMC93CS06M/NMC93CS26M/NMC93CS46M 



Capacitance (Note 6) AC Test Conditions 

= 25°C, f = 1MHz Output Load 1 TTL Gate and Cl = 100 pF 

Symbol Test Typ Max Units Input Pulse Levels 0.4V to 2.4V 

n "I Ic Timing Measurement Reference Level 

-2oyi Qutp u _^Ca p _acit a nce 5 ^ 1Vand2V 

C|N input Capacitance 5 pF Output 0.8V and 2V 

Note 1: Stress above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

Note 2: The SK frequency specification for Commercial parts specifies a minimum SK clock period of 1 microsecond, therefore in an SK clock cycle tsKH + 'skl 
must be greater than or equal to 1 microsecond. For example if tsKL = 250 ns then the minimum tsKH = 750 ns in order to meet the SK frequency specification. 
Note 3: The SK frequency specification for Extended Temperature and Military parts specifies a minimum SK clock period of 2 microseconds, therefore in an SK 
clock cycle tsKH + tsKL fust be greater than or equal to 2 microseconds. For example, if tsKL ““ 500 ns then the minimum tsKH =1-5 microseconds in order to 
meet the SK frequency specification. 

Note 4: For Commercial parts CS must be brought low for a minimum of 250 ns (tcs) between consecutive instruction cycles. 

Note 5: For Extended Temperature and Military parts CS must be brought low for a minimum of 500 ns (tcs) between consecutive instruction cycles. 

Note 6; This parameter is periodically sampled and not 100% tested. 


Symbol 

Test 

Typ 

Max 

Units 

Gout 

Output Capacitance 


5 

pF 

Gin 

input Capacitance 


5 

pF 
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Block Diagram 
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Instruction Set for the NMC93CS06, NMC93CS26 and NMC93CS46 


Instruction 

m 

Opcode 

Address 

Data 

PRE 

El 

Comments 

READ 

1 

10 

A5-A0 



D 

Reads data stored in memory, starting at specified address. 

WEN 

1 

00 

11XXXX 


0 

1 

Write enable must precede all programming modes. 

WRITE 

1 

01 

A5-A0 

D15-D0 

0 

1 

Writes register if address is unprotected. 

WRALL 

1 

00 

01XXXX 

D15-D0 

0 

1 

Writes all registers. Valid only when “protect register” is 
cleared. 

WDS 

1 

00 

OOXXXX 


0 

D 

Disables all programming instructions. 

PRREAD 

1 

10 

XXXXXX 


1 

D 

Reads address stored in “protect register”. 

PREN 

1 

00 

11XXXX 


1 

1 

Must immediately precede PRCLEAR, PRWRITE, and 
PR DS instructions. 

PRCLEAR 

1 

11 

mill 


1 

1 

Clears the “protect register” so that no registers are 
protected from WRITE. 

PRWRITE 

1 

01 

A5-A0 


1 

1 

Programs address into “protect register”. Thereafter, 
memory addresses ^ the address in “protect register” are 
protected from WRITE. 

PROS 

1 

00 

000000 


1 

1 

One time only instruction after which the address in the 
“protect register” cannot be altered. 
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NMC93CS06/NMC93CS26/NMC93CS46 






































































NMC93CS06/NMC93CS26/NMC93CS46 


Functional Description 

The NMC93CS06, NMC93CS26, and NMC93CS46 have 10 
instructions as described below. Note that the MSB of any 
instruction is a “1” and is viewed as a start bit in the inter- 
face sequence. The next 8-bits carry the op code and the 6- 
bit address for selection of 1 of 16, 32, or 64 16-bit registers. 

Read (READ): 

The Read (READ) instruction outputs serial data on the DO 
pin. After a READ instruction is received, the instruction and 
address are decoded, followed by data transfer from the 
selected memory register into a 16-bit serial-out shift regis- 
ter. A dummy bit (logical “0") precedes the 16-bit data out- 
put string. Output data changes are initiated by a low to high 
transition of the SK clock. In the NONVOLATILE SHIFT- 
REGISTER mode of operation, the memory automatically 
cycles to the next register after each 16 data bits are 
clocked out. The dummy-bit is suppressed in this mode and 
a continuous string of data is obtained. 

Write Enable (WEN): 

When Vcc is applied to the part, it “powers up” in the Write 
Disable (WDS) state. Therefore, all programming modes 
must be preceded by a Write Enable (WEN) instruction. 
Once a Write Enable instruction is executed programming 
remains enabled until a Write Disable (WDS) instruction is 
executed or Vcc >s removed from the part. 

Write (WRITE): 

The Write (WRITE) instruction is followed by 16 bits of data 
to be written into the specified address. After the last bit of 
data (DO) is put on the data-in (Dl) pin, CS must be brought 
low before the next rising edge of the SK clock. This falling 
edge of the CS initiates the self-timed programming cycle. 
The PE pin MUST be held “high” while loading the WRITE 
instruction, however, after loading the WRITE instruction the 
PE pin becomes a “don’t care”. The DO pin indicates the 
READY/BUSY status of the chip if CS is brought high after 
a minimum of 250 ns (tcs)- DO = logical ”0” indicates that 
programming is still in progress. DO = logical “1 ” indicates 
that the register at the address specified in the instruction 
has been written with the data pattern specified in the in- 
struction and the part is ready for another instruction. 

Write All (WRALL): 

The Write All (WRALL) instruction is valid only when the 
“protect register” has been cleared by executing a 
PRCLEAR instruction. The WRALL instruction will simulta- 
neously program all registers with the data pattern specified 
in the instruction. Like the WRITE instruction, the PE pin 
MUST be held “high” while loading the WRALL instruction, 
however, after loading the WRITE instruction the PE pin be- 
comes a “don’t care”. As in the WRITE mode, the DO pin 
indicates the READY/BUSY status of the chip if CS is 
brought high after a minimum of 250 ns (tcs)- 

Write Disable (WDS): 

To protect against accidental data disturb, the Write Disable 
(WDS) instruction disables all programming modes and 


should follow all programming operations. Execution of a 
READ instruction is independent of both the WEN and WDS 
instructions. 

Protect Register Read (PRREAD): 

The Protect Register Read (PRREAD) instruction outputs 
the address stored in the “protect register” on the DO pin. 
The PRE pin MUST be held “high” while loading the instruc- 
tion. Following the PRREAD instruction the 6-bit address 
stored in the memory “protect register” is transferred to the 
serial out shift register. As in the READ mode, a dummy bit 
(logical 0) precedes the 6-bit address string. 

Protect Register Enable (PREN): 

The Protect Register Enable (PREN) instruction is used to 
enable the PRCLEAR, PRWRITE, and PRDS modes. Before 
the PREN mode can be entered, the part must be in the 
Write Enable (WEN) mode. Both the PRE and PE pins 
MUST be held “high” while loading the instruction. 

Note that a PREN instruction must immediately precede a 
PRCLEAR, PRWRITE, or PRDS instruction. 

Protect Register Clear (PRCLEAR): 

The Protect Register Clear (PRCLEAR) instruction clears 
the address stored in the "protect register” and, therefore, 
enables all registers for the WRITE and WRALL instruction. 
The PRE and PE pins must be held “high” while loading the 
instruction, however, after loading the PRCLEAR instruction 
the PRE and PE pins become “don’t care”. Note that a 
PREN instruction must Immediately precede a PRCLEAR 
instruction. 

Protect Register Write (PRWRITE): 

The Protect Register Write (PRWRITE) instruction is used to 
write into the “Protect Register” the address of the first reg- 
ister to be protected. After the PRWRITE instruction is exe- 
cuted, all memory registers whose addresses are greater 
than or equal to the address specified in the Protect Regis- 
ter are protected from the WRITE operation. Note that be- 
fore executing a PRWRITE instruction the “Protect Regis- 
ter” must first be cleared by executing a PRCLEAR opera- 
tion and that the PRE and PE pins must be held “high” 
while loading the instruction, however, after loading the 
PRWRITE instruction the PRE and PE pins become ‘don’t 
care’. Note that a PREN instruction must immediately pre- 
cede a PRWRITE instruction. 

Protect Register Disable (PRDS): 

The Protect Register Disable (PRDS) instruction is a one 
time only instruction which renders the “Protect Register” 
unalterable in the future. Therefore, the specified registers 
become PERMANENTLY protected against data changes. 
As in the PRWRITE instruction the PRE and PE pins must 
be held “high” while loading the instruction, and after load- 
ing the PRDS instruction the PRE and PE pins become 
“don’t care”. 

Note that a PREN instruction must immediately precede a 
PRDS instruction. 
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Timing Diagrams 


Synchronous Data Timing 


DO (READ)w 
*0L 

'^OH 

DO (PROGRAM) u 
’OL 

•This is the minimum SK period (See Note 2). 



READt: 

PRE = 0, PE = X 


— ~ ~ ? ( ! ?i ! ' H I p— 

la 

jiimiijmnjijijimijiii/ 


1 1 \ 0 X A5 




• Address bit AS becomes a “don't care" for NMC93CS26 

• Address bits AS and A4 become “don’t cares" for NMC93CS06 
•The memory automatically cycles to the next register. 


WEN: 

PRE = 0, DO = TRi-STATE 




1\0 0/1 iXxX ... Xx 


TL/D/9208-6 







Timing Diagrams (Continued) 


WDS: 

PRE = 0, PE = X, DO = TRI-STATE 



“juuuuuuuinjuuuuuL 






• TL/D/9208-8 

• Address bit A5 becomes a “don’t care" for NMC93CS26 

• Address bits A5 and A4 become “don't cares" for NMC93CS06 
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Timing Diagrams (Continued) 


WRALL*: 
PRE = 0 



•jijmrinnjwiJiJwirLrL 



•Protect Register MUST be cleared. TL/D/9208-9 


PRREAD*: 
PE = X 



-jirinnnjiiuirLrLrLn^ 




• - TL/D/9208-10 

• Address bit A5 becomes a "don’t care" for NMC93CS26 

• Address bits AS and A4 become "don’t cares” for NMC93CS06 



2-51 


NMC93CS06/NMC93CS26/NMC93CS46 



Timing Diagrams (Continued) 


PREN*: 

DO = TRI-STATE 



■jinjiruiJiririnjirinjiriJL 



-juiniuuiniiririJirinnrL 
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Timing Diagrams (Continued) 


PRWRITEt: 



-jinjirmiiiiiinjinjuinn. 



TL/D/9208-13 

• Address bit AS becomes a “don’t care" for NMC93CS26 

• Address bits AS and A4 become “don't cares” for NMC93CS06 

•Protect Register MUST be cleared before a PRWRITE cycle. A PREN cycle must Immediately precede a PRWRITE cycle. 


PROS*: 









NMC93CS56/NMC93CS66 


National PRELIMINARY 

Semiconductor 
Corporation 

NMC93CS56/NMC93CS66 2048-Bit/4096-Bit Serial 
Electrically Erasable Programmable 
Read Only Memories (EEPROM) 

General Description 

The NMC93CS56/NMC93CS66 are external memories with 
2048/4096 bits of read/write memory divided into 128/256 
registers of 16 bits each. N registers (N ^ 128 or N ^ 256) 
can be protected against data modification by programming 
into a special on-chip register called the memory “protect 
register” the address of the first register to be protected. 

This address can be “locked” into the device, so that these 
registers can be permanently protected. Thereafter, all at- 
tempts to alter data in a register whose address is equal to 
or greater than the address stored In the “protect register” 
will be aborted. 

The “read” instruction loads the address of the first register 
to be read into an 8-bit address pointer. Then the data is 
clocked out serially on the “DO” pin and automatically cy- 
cles to the next register to produce a serial data stream. In 
this way the entire memory can be read in one continuous 
data stream or as registers of varying length from 16 to 
2048/4096 bits. Thus, the NMC93CS56/NMC93CS66 can 
be viewed as a non-volatile shift register. 

The “write” cycle is completely self-timed and includes an 
automatic register erase so that no separate erase cycle is 
required. The “write” cycle is only enabled when pin 6 (pro- 


Pin Names 

Chip Select 
Serial Data Clock 
Serial Data Input 
Serial Data Output 
Ground 

Program Enable 
Protect Register Enable 
Power Supply 


TL/D/9209-2 

Top View 

Order Number NMC93CS56N, NMC93CS66N, NMC93CS56EN, NMC93CS66EN, 
NMC93CS56M, NMC93CS66M, NMC93CS56MN or NMC93CS66MN 
See Package Number NOSE, M14A 


Connection Diagrams 


PIN OUT: 

Dual-In-Line Package 


CS 


Pin Names 

Chip Select 


PIN OUT: 

SO Package 






SK 

Serial Data Clock 



“T3? 

CS- 

1 

8 

“Vcc 

Dl 

Serial Data Input 

NC- 

1 

14 

SK- 

2 

7 

-PRE 

DO 

Serial Data Output 

CS- 

2 

13 

Dl- 

3 

6 

-PE 

GND 

Ground 

SK- 

3 

12 

DO— 

4 

5 

—GND 

PE 

Program Enable 

NC- 

4 

11 





PRE 

Protect Register Enable 






TL/D/9209-1 

Vcc 

Power Supply 

DO- 

6 

9 



Top View 













NC- 

7 

8 


kNC 

l-Vcc 

l-PRE 

i-NC 


hNC 


CS 

SK 

Dl 

DO 

GND 

PE 

PRE 

Vcc 


gram enable) is held “high”. If the address of the register to 
be written is less than the address in the “protect register” 
then the data is written 16 bits at a time into one of the 
128/256 data registers. If “CS” is brought “high” following 
the initiation of a “write” cycle the "DO” pin indicates the 
ready/busy status of the chip. 

National Semiconductor’s EEPROMs are designed and 
tested for applications requiring extended endurance. Refer 
to device operation for further endurance information. Data 
retention is specified to be greater than 10 years. 

Features 

■ Write protection in user defined section of memory 

■ Typical active current 1 mA; Typical standby current 
25 fiA 

■ Reliable CMOS floating gate technology 

■ 5 volt only operation in all modes 

■ Microwire compatible serial I/O 

■ Self-timed programming cycle with autoerase 

■ Device status signal during programming mode 

■ Sequential register read 

■ Over 10 years data retention 
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Absolute Maximum Ratings (Notei) 

Specifications for Mllltary/Aerospace products are not 
contained In this datasheet. Refer to the associated 
reliability electrical test specifications document. 

Ambient Operating Temperature 
NMC93CS56/NMC93CS66 - 1 0°C to + 80°C 

NMC93CS56E/NMC93CS66E -50“Cto +95°C 

NMC93CS56M/NMC93CS66M 
(Mii. Temp.) -65°Cto +125°C 


Ambient Storage T emperature - 65°C to + 1 50°C 

All Input or Output Voltages + 6.5V to - 0.3V 

with Respect to Ground 

Lead Temp. (Soldering, 1 0 sec.) + 300°C 

-40°C < Ta < 85°C E 
-55“C < Ta < 125°CM 

ESD rating is to be determined. 


DC and AC Electrical Characteristics 

0°C < Ta < 70°C, 4.5V < Vcc < 5-5V (unless otherwise specified) 


Symbol 

Parameter 

Part Number 

Conditions 

Min 

Max 

Units 

lcci 

Operating Current 

NMC93CS56/NMC93CS66 

CS = V|H, SK = 1 MHz 





CMOS Input Levels 

NMC93CS56E/NMC93CS66E 




mA 



NMC93CS56M/NMC93CS66M 



mm 


ICC2 

Operating Current 

NMC93CS56/NMC93CS66 

CS = V|H, SK = 1 MHz 


3 



TTL Input Levels 

NMC93CS56E/NMC93CS66E 



6 

mA 



NMC93CS56M/NMC93CS66M 



6 


ICC3 

Standby Current 

NMC93CS56M/NMC93CS66M 

CS = OV 


50 




NMC93CS56E/NMC93CS66E 



100 

juA 



NMC93CS56M/NMC93CS66M 



100 


l|L 

Input Leakage 

NMC93CS56/NMC93CS66 

V|N = OV to Vcc 

-2.5 

2.5 

< < 



NMC93CS56E/NMC93CS66E 


-10 

10 



NMC93CS56M/NMC93CS66M 


-10 

10 

•OL 

Output Leakage 

NMC93CS56/NMC93CS66 

VouT ~ OV to Vcc 

-2.5 

2.5 

fiA 

jaA 



NMC93CS56E/NMC93CS66E 


-10 

10 



NMC93CS56M/NMC93CS66M 


-10 

10 

V|L 

Input Low Voltage 



-0.1 

0.8 

V 

V|H 

Input High Voltage 



2 

Vcc + 1 

V 

VoLI 

Output Low Voltage 


Iql == 2.1 mA 



V 

V0H1 

Output High Voltage 


lOH “ ~400 p.A 

2.4 


V 

VoL2 

Output Low Voltage 


O 

1“ 

II 

o 

> 


0.2 

V 

VoH 2 

Output High Voltage 


lOH = -10 ^A 

C\J 

0 

1 

o 


V 

fSK 

SK Clock Frequency 

NMC93CS56/NMC93CS66 


0 

mm 




NMC93CS56E/NMC93CS66E 




MHz 



NMC93CS56M/NMC93CS66M 





tSKH 

SK High Time 

NMC93CS56/NMC93CS66 

(Note 2) 

250 





NMC93CS56E/NMC93CS66E 


500 


ns 



NMC93CS56M/NMC93CS66M 


500 



tSKL 

SK Low Time 

NMC93CS56/NMC93CS66 

(Note 2) 

HI 





NMC93CS56E/NMC93CS66E 




ns 



NMC93CS56M/NMC93CS66M 


500 



tcs 

Minimum CS 

NMC93CS56/NMC93CS66 

(Note 3) 

250 




Low Time 

NMC93CS56E/NMC93CS66E 


500 


ns 



NMC93CS56M/NMC93CS66M 


500 



toss 

CS Setup Time 

NMC93CS56/NMC93CS66 

Relative to SK 

50 





NMC93CS56E/NMC93CS66E 


100 


ns 



NMC93CS56M/NMC93CS66M 


100 



tpRES 

PRE Setup Time 

NMC93CS56/NMC93CS66 

Relative to SK 

50 





NMC93CS56E/NMC93CS66E 


100 


ns 



NMC93CS56M/NMC93CS66M 


100 



















































































NMC93CS56/NMC93CS66 


DC and AC Electrical 

O'C < Ta < 70°c, 4.5V < Vcc < 


Symbol 

Parameter 

tpES 

PE Setup Time 

Idis 

Dl Setup Time 

'CSH 

CS Hold Time 

tPEH 

PE Hold Time 

tpREH 

PRE Hold Time 

tOIH 

Dl Hold Time 

tpDI 

Output Delay to "1" 

tpDO 

Output Delay to “0” 

tsv 

CS to Status Valid 

tOF 

CS to DO in 
TRI-STATE® 

twp 

Write Cycle Time 

Capacitance (Note 6) 

Ta = 25°C, f = 1MHz 

Symbol 

Test 

CoUT 

Output Capacitance 

C|N 

Input Capacitance 


Characteristics 

5.5V (unless otherwise specified) (Continued) 


Conditions 


Part Number 


NMC93CS56/NMC93CS66 

NMC93CS56E/NMC93CS66E 

NMC93CS56M/NMC93CS66M 


NMC93CS56/NMC93CS66 

NMC93CS56E/NMC93CS66E 

NMC93CS56M/NMC93CS66M 


NMC93CS56/NMC93CS66 

NMC93CS56E/NMC93CS66E 

NMC93CS56M/NMC93CS66M 


NMC93CS56/NMC93CS66 

NMC93CS56E/NMC93CS66E 

NMC93CS56M/NMC93CS66M 


NMC93CS56/NMC93CS66 

NMC93CS56E/NMC93CS66E 

NMC93CS56M/NMC93CS66M 


NMC93CS56/NMC93CS66 

NMC93CS56E/NMC93CS66E 

NMC93CS56M/NMC93CS66M 


NMC93CS56/NMC93CS66 

NMC93CS56E/NMC93CS66E 

NMC93CS56M/NMC93CS66M 


NMC93CS56/NMC93CS66 

NMC93CS56E/NMC93CS66E 

NMC93CS56M/NMC93CS66M 


Max Units 


Relative to SK 


Relative to SK 


Relative to SK 


Relative to CS 
Relative to CS 
Relative to CS 


Relative to SK 


Relative to SK 



AC Test 
CS = V|L 



Capacitance (Note 6) AC Test Conditions 

Ta = 25°C f = 1MHz Output Load 1 TTL Gate and Cl = 1 00 pF 

Symbol Test Typ Max Units Input Pulse Levels 0.4V to 2.4V 

CouT Output Capacitance ^ ^ Timing Measurement Reference Level 

— L L L Input 1Vand2V 

C|N Input Capacitance 5 pF Output 0.8V and 2V 

Note 1: Stress above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated In the operational sections of the specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

Note 2: The SK frequency specification for Commercial parts specifies a minimum SK ciock period of 1 microsecond, therefore in an SK clock cycle t$KH + tSKL 
must be greater than or equal to 1 microsecond. For example if tsKL = 250 ns then the minimum tsKH = 750 ns in order to meet the SK frequency specification. 
Note 3: The SK frequency specification for Extended Temperature and Military parts specifies a minimum SK ciock period of 2 microseconds, therefore in an SK 
clock cycle tsKH + *SKL ttiust be greater than or equal to 2 microseconds. For example. If tsKL = 500 ns then the minimum tsKH = 1.5 microseconds in order to 
meet the SK frequency specification. 

Note 4: For Commercial parts CS must be brought low for a minimum of 250 ns (tcs) between consecutive instruction cycles. 

Note 5; For Extended Temperature and Military parts CS must be brought low for a minimum of 500 ns (tcs) between consecutive instruction cycles. 

Note 6: This parameter is periodically sampled and not 100% tested. 
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Block Diagram 



Vcc 

PRE 

PE 
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Instruction Set for the NMC93CS56 and NMC93CS66 


Instruction 

m 

Op Code 

Address 

Data 

PRE 

la 

Comments 

READ 

1 

10 

A7-A0 


0 

D 

Reads data stored in memory, starting at specified address. 

WEN 

1 

00 

11XXXXXX 


0 

1 

Write enabie must precede aii programming modes. 

WRITE 

1 

01 

A7-A0 

D15-D0 

0 

1 

Writes register if address is unprotected. 

WRALL 

1 

00 

01XXXXXX 

D15-D0 

0 

1 

Writes all registers. Vaiid only when "protect register" is 
cieared. 

WDS 

1 

00 

OOXXXXXX 


0 

a 

Disabies ail programming instructions. 

PRREAD 

1 

10 

XXXXXXXX 


1 

D 

Reads address stored in "protect register”. 

PREN 

1 

00 

11XXXXXX 


1 

1 

Must immediately precede PRCLEAR, PRWRITE, and 
PRDS instructions. 

PRCLEAR 

1 

11 

11111111 


1 

1 

Ciears the "protect register" so that no registers are 
protected from WRITE. 

PRWRITE 

1 

01 

A7-A0 


1 

1 

Programs address into "protect register”. Thereafter, 
memory addresses ^ the address in "protect register" are 
protected from WRiTE. 

PROS 

1 

00 

00000000 


1 

1 

One time only instruction after which the address in the 
“protect register" cannot be aitered. 
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NMC93CS56/NMC93CS66 


Functional Description 

The NMC93CS56 and NMC93CS66 have 10 instructions as 
described beiow. Note that the MSB of any instruction is a 
“1 ” and is viewed as a start bit in the interface sequence. 
The next 10-bits carry the op code and the 8-bit address for 
selection of 1 of 256, 16-bit registers. 

Read (READ): 

The Read (READ) instruction outputs serial data on the DO 
pin. After a READ instruction is received, the instruction and 
address are decoded, followed by data transfer from the 
selected memory register into a 16-bit serial-out shift regis- 
ter. A dummy bit (logical “0”) precedes the 1 6-bit data out- 
put string. Output data changes are initiated by a low to high 
transition of the SK clock. In the NONVOLATILE SHIFT- 
REGISTER mode of operation, the memory automatically 
cycles to the next register after each 16 data bits are 
clocked out. The dummy-bit is suppressed in this mode and 
a continuous string of data is obtained. 

Write Enable (WEN): 

When Vcc is applied to the part, it “powers up” in the Write 
Disable (WDS) state. Therefore, all programming modes 
must be preceded by a Write Enable (WEN) instruction. 
Once a Write Enable instruction is executed programming 
remains enabled until a Write Disable (WDS) Instruction is 
executed or Vcc is removed from the part. 

Write (WRITE): 

The Write (WRITE) instruction is followed by 16 bits of data 
to be written into the specified address. After the last bit of 
data (DO) is put on the data-in (Dl) pin, CS must be brought 
low before the next rising edge of the SK clock. This falling 
edge of the CS initiates the self-timed programming cycle. 
The PE pin MUST be held “high” while loading the WRITE 
instruction, however, after loading the WRITE instruction the 
PE pin becomes a “don’t care”. The DO pin indicates the 
READY/BUSY status of the chip if CS is brought high after 
a minimum of 250 ns (tcs)- DO = logical “0” indicates that 
programming is still in progress. DO = logical “1 ” indicates 
that the register at the address specified in the instruction 
has been written with the data pattern specified in the in- 
struction and the part is ready for another instruction. 

Write All (WRALL): 

The Write All (WRALL) instruction is valid only when the 
“protect register” has been cleared by executing a 
PRCLEAR instruction. The WRALL instruction will simulta- 
neously program all registers with the data pattern specified 
in the instruction. Like the WRITE instruction, the PE pin 
MUST be held “high” while loading the WRALL instruction, 
however, after loading the WRITE instruction the PE pin be- 
comes a “don’t care”. As in the WRITE mode, the DO pin 
indicates the READY/BUSY status of the chip if CS is 
brought high after a minimum of 250 ns (tcs). 

Write Disable (WDS): 

To protect against accidental data disturb, the Write Disable 
(WDS) instruction disables all programming modes and 


should follow all programming operations. Execution of a 
READ instruction is independent of both the WEN and WDS 
instructions. 

Protect Register Read (PRREAD): 

The Protect Register Read (PRREAD) instruction outputs 
the address stored in the “protect register” on the DO pin. 
The PRE pin MUST be held “high” while loading the instruc- 
tion. Following the PRREAD instruction the 8-bit address 
stored in the memory “protect register” is transferred to the 
serial out shift register. As in the READ mode, a dummy bit 
(logical 0) precedes the 8-bit address string. 

Protect Register Enable (PREN): 

The Protect Register Enable (PREN) instruction is used to 
enable the PRCLEAR, PRWRITE, and PRDS modes. Before 
the PREN mode can be entered, the part must be in the 
Write Enable (WEN) mode. Both the PRE and PE pins 
MUST be held “high” while loading the instruction. 

Note that a PREN instruction must Immediately precede a 
PRCLEAR, PRWRITE, or PRDS instruction. 

Protect Register Clear (PRCLEAR): 

The Protect Register Clear (PRCLEAR) instruction clears 
the address stored in the “protect register” and, therefore, 
enables all registers for the WRITE and WRALL instruction. 
The PRE and PE pins must be held “high” while loading the 
instruction, however, after loading the PRCLEAR instruction 
the PRE and PE pins become “don’t care”. Note that a 
PREN instruction must Immediately precede a PRCLEAR 
instruction. 

Protect Register Write (PRWRITE): 

The Protect Register Write (PRWRITE) instruction is used to 
write into the “Protect Register” the address of the first reg- 
ister to be protected. After the PRWRITE instruction is exe- 
cuted, all memory registers whose addresses are greater 
than or equal to the address specified in the Protect Regis- 
ter are protected from the WRITE operation. Note that be- 
fore executing a PRWRITE instruction the “Protect Regis- 
ter” must first be cleared by executing a PRCLEAR opera- 
tion and that the PRE and PE pins must be held “high” 
while loading the instruction, however, after loading the 
PRWRITE instruction the PRE and PE pins become ‘don’t 
care’. Note that a PREN instruction must immediately pre- 
cede a PRWRITE instruction. 

Protect Register Disable (PRDS): 

The Protect Register Disable (PRDS) instruction is a one 
time only instruction which renders the “Protect Register” 
unalterable in the future. Therefore, the specified registers 
become PERMANENTLY protected against data changes. 
As in the PRWRITE instruction the PRE and PE pins must 
be held “high” while loading the instruction, and after load- 
ing the PRDS instruction the PRE and PE pins become 
“don’t care”. 

Note that a PREN instruction must Immediately precede a 
PRDS instruction. 
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Timing Diagrams 


Synchronous Data Timing 



TL/D/9209-4 

•This is the minimum SK period (See Note 2). 

READ:* 

PRE = 0, PE = X 

a — — r 

Vcs/ 

■jiJinjinMjmmmriJijm 



TL/D/9209-5 

•Address bit becomes a "don’t care" for NMC93CS56. 

•The memory automaticaiiy cycies to the next register. 


WEN: 

PRE = 0, DO = TRI-STATE 



“7 
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Timing Diagrams (Continued) 


WDS: 

PRE = 0, PE = X, DO = TRI-STATE 


jinjwiniuimwuinjL 


1 \ 0 0 0 0 / X X • • • X X 


WRITE:* 
PRE = 0 






1 1 \ 0 X A7 X***x AO XD15X***X DO 



'Address bit A 7 becomes a "don't care” for NMC93CS56. 
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Timing Diagrams (Continued) 


WRALL* 
PRE = 0 


jinnjmnniinMJinjuu 


1 \ 0 0 0 1 / X X Xdi5X***Xdo 


BUSY 

\_7 

L READY 

W ► 



'Protect Register MUST be cleared. 


PRREAD:* 
PE = X 


jinjuuinnjMim’injiJL 


1 1 \ 0 X X X*»*X X 


0 /A7’X A 6 X*“X AO X 'X* 


'Address bit A 7 becomes a “don’t care" for NMC93CS56. 
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Timing Diagrams (Continued) 


PREN:* 

DO = TRI-STATE 


juinjiruuinjiiiniirinrL 


1 \ 0 0/1 1 X X X ••• X X 


•A WEN cycle must precede a PREN cycle. 




jirinnjijmniinjirinjirL 


1 1 1 1 • • • 1 1 1 1 



*A PREN cycle must Immediately precede a PRCLEAR cycle. 
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Timing Diagrams (Continued) 


PRWRITE:* 


■I 

-J 

cs 


KWWWWXWW 


KWWWWWWW^ 

\i/ \ 


SK 


juirinnj'uuiRJirinjiruL 


1 \ 0 / 1 \A7X*“XA0 


DO- 



BUSY 


f RFAHY \ 




•• — w ► 


•Address bit Ay becomes a "don’t care” for NMC93CS56. 

•Protect Register MUST be cleared before a PRWRITE cycle. A PREN cycle must Immediately precede a PRWRITE cycle. 


PROS;* 


PRE 


J 


KWWWVW^ 


cs 


KWWWW 

w 


SK 


juinjumnjirinjuinnrL 
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NMC98C10/NMC98C40 


National PRELIMINARY 

Semiconductor 
Corporation 

NMC98C10/NMC98C40 Electrically Erasable, 
Programmable Memories 

General Description 

The NMC98C10 and NMC98C40 are 128 by 8 and 512 by 8 
5-volt programmable, non-volatile, parallel access memo- 
ries built with 3-micron CMOS floating gate process. Data 
and address lines are multiplexed, enabling these devices 
to be packaged in an 18-pin DIP, saving board space. The 
pin-out is identical to the Intel 8185 static RAM and the 
2001 non-volatile RAM, allowing the memories to directly 
interface with Intel and other popular 8-bit and 16-bit micro- 
processors and microcontrollers. 

The write cycle is simplified by a self-timed erase before 
write circuit on-chip. The end of write cycle can be deter- 
mined by polling the data pins or the controller can simply 
allow a minimum time between a write command and the 
subsequent command. To prevent undesirable modification 
of the memory contents during system power up or power 
down, a lockout circuit ignores write commands while Vcc is 
below the prescribed level of VLKO. 

Applications for these memories include storing position 
data in robotic systems, storing local area network node 
address and parameter settings in data communications 
equipment, storing set-up and last position data in industrial 
control systems and storing PBX switch data in telecommu- 
nications equipment. 

The NMC98C10 and NMC98C40 are compatible with Sierra 
Semiconductor SC22101, SC22104. 


Block and Connection Diagrams 


ADo 

AD, 

AD2 

ADj 

AD4 

AD 5 

ADg 

A7VD7 

GND 


TL/D/8791-1 

Order Number NMC98C10N, 
NMC98C10N-1, NMC98C40N, 
NMC98C40N-1 

See NS Package Number N18A 


ALE CE1 CE2 CS OE WE 


ADo-ADg 



TL/D/8791-2 



Features 

■ CMOS EE technology 

■ Single 5-volt supply 

■ Reliable CMOS floating gate process 

■ Eighteen-pin package 

■ Multiplexed address and data bus 

■ Self timed write operation 

■ DATA polling 

■ Minimum 10,000 erase/write cycles 

■ Very low power dissipation 

■ Ten year data retention 

■ Minimum board space 

■ Directly compatible with NSC800, NSC32000 and other 
standard microprocessors 

■ No external sequencing of erase/write cycle 

■ End of write cycle verified by polling 

■ Long product life 
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Absolute Maximum Ratings (Notei) 

Specifications for Miiitary/ Aerospace products are not 
contained in this datasheet. Refer to the associated 
reiiabiiity eiectrical test specifications document. 
Supply Voltage, Vcc 7V 

Voltage on Any Pin Vcc + 0-5V 

GND - 0.5V 

Storage Temperature Range -65°C to + 150°C 

Maximum Power Dissipation @ 25°C 
(Note 2) 500 mW 


Lead Temp. (Soldering, 10 seconds) 
ESD rating is to be determined. 

Operating Conditions 

(Applies to DC and AC Characteristics) 
Ambient Temperature 
Positive Supply Voltage 


0°C to 70°C 
4.5V to 5.5V 


DC Electrical Characteristics 


Symbol 

Parameter 

VoH 

Output High Voltage 

VoL 

Output Low Voltage 

V|H 

Input High Voltage 

V|L 

Input Low Voltage 

Vlko 

Vcc Level for Write Lockout 

Ili 

Input Leakage Current 

>LO 

Output Leakage Current 

Icc 

Operating Supply Current 

ICCPD 

Standby Supply Current 

isc 

Short-Circuit Current 


Test Conditions 


Iqh = ~ 400 fxA 


Iql = 2.1 mA 



AC Electrical Characteristics 


Symbol 

Parameter 

Tal 

Address to Latch Setup Time 

Tu 

Address Hold Time after Latch 

Tlc 

Latch to OE/WE Control 

Toe 

Valid Data Out Delay from Read Control 

Tld 

ALE to Data Out Valid 

Tll 

Latch Enable Width 

Tqh 

Output Held from Addresses, CS, or OE 
(Whichever Changes First) 

ToLZ 

OE Low to Output Driven 

Trdf 

Data Bus Float after Read 

Tcl 

OE/WE Control to Latch Enable 

Tcc 

OE/WE Control Width 

TdW 

Data In to Write Setup Time 

Two 

Data In Hold Time after Write 

TsC 

Chip Select Set-Up to OE/WE Control 

TcS 

Chip Select Hold Time after OE/WE Control 

Talce 

Chip Enable Set-Up to ALE Falling 


V|N = Vcc 


Vqut = Vcc 


TTL Inputs 


CMOS Inputs 


TTL Inputs 


CMOS Inputs 


One Output Pin Shorted 


NMC98C10, 

NMC98C40 


NMC98C10-1, 

NMC98C40-1 
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NMC98C10/NMC98C40 


AC Electrical Characteristics (Continued) 


Symbol 

Parameter 

Tlace 

Chip Enable Hold Time, after ALE Falling 

Twr 

Byte Write Cycle Time 

Twh 

Data Invalid Time after WE Falling 


Number of Writes Per Byte 


NMC98C10, 

NMC98C40 


NMC98C10-1, 

NMC98C40-1 



Capacitance (Ta = as-c, t = i mhz) (Note 3) 


Parameter 

Description 

Test Conditions 

C|N 

Input Capacitance 

> 

o 

II 

z 

> 

C|/0 

Input/Output Capacitance 

OE = CE1 = CS = V|H, CE2 = V|l 



AC Test Conditions 

Output Load 1 TTL Gate + Cl = 1 00 pF Input Pulse Levels O.OV to 3.0V 

Input Rise and Fall Times (10% to 90%) 20 ns Input/Output Timing Reference Level 0.8V to 2.0V 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”, 
the device should not be operated at these limits. The table of “Electrical Characteristics” provides actual operating limits. 

Note 2: Power dissipation temperature derating— plastic “N” package: -12 mW/'C from 65°C to 85'C. 

Note 3; This parameter is sampled and not 100% tested. 


Pin Descriptions 


Pin 

Number 

1-8 


Pin 

Name 

ADq— AD y 


Function 


1-8 ADo-ADy Multiplexed address and data bits. 

Pin 8 is DATA only for NMC98C1 0. 

9 GND Ground, 0 volts. 

10 A8 MSB of address for NMC98C40, NC 

for NMC98C10. 

11 NC No connection. No internal connec- 

tion is made to this pin and it may 
be left floating. 

12 CE2 Chip Enable 2 (see Table I) 

13 CE1 Chip Enable 1 (See Table I) 

14 CS Chip Select (see Table I) 

15 ALE Address Latch Enable 

16 ^ Write Enable 

17 OE Output Enable 

18 Vcc Positive power supply, 5 volts. 

Functional Description 

Table I shows the different modes of operation as a function 
of the control signals. Standby powered down mode; both 
write and read are inhibited and the device’s power con- 
sumption is greatly reduced. Standby powered up mode: the 
device consumes the operating power, but read and write 
are inhibited. Inhibit mode: the device is write protected to 
avoid inadvertent modifications while the read and write 
pins are changing. 

READ OPERATION 

Figure 2 shows the timing diagram for READ operation. The 
address is latched on the falling edge of ALE. For the 


NMC98C10 only pins 1 through 7 are used for address bits. 
NMC98C40 uses pins 8 and 10 in addition to pins 1 through 
7 for address bits. 

Data appear on pins 1 through 8 after OE becomes active 
(low). 

WRITE OPERATION 

Write operation’s timing is shown in Figure 3. Address is 
latched on the falling edge of the ALE. After the address is 
latched, the WE becomes active (low) for the minimum time 
of TCC and returns to inactive state. This initiates the inter- 
nally timed write operation. No external erase before write 
operation is needed and data lines as well as control lines 
may change after the write operation is initiated. 

TABLE I. Mode Table 


Mode 


ADo-ADy 

Standby Powered Down 

BIDDDQI 

Hi-Z 

Standby Powered Down 

IHPIHHH 

Hi-Z 

Standby Powered Up 


Hi-Z 

Read 

IBIBHBIBIBH 

Data Out 

Write 


Data In 

Inhibit 


Hi-Z 

Inhibit 

PlBIllBiBIBi 

Hi-Z 


V|L = Logical Low Input 
V|H = Logical High Input 
Hi-Z = High Impedance State 
X = Don’t Care 
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Functional Description (Continued) 


WRITE LOCKOUT 


DATA POLLING 

After the write operation is initiated, its conclusion can be 
monitored by putting the device in the READ mode and poll- 
ing the D7 data bit. The data bit will be logical inverse of the 
bit being written to a location in memory until the write oper- 
ation is completed. At this time the D7 data bit will be the 
same as the last D7 data bit written into memory. 

Timing Waveforms 


During system power up or power down, an on-chip write 
lockout circuit prevents spurious WRITES into the memory 
locations while Vcc is lower than the specified lockout volt- 
age VLKO. This frees the system designer from having to 
design external write protection circuits. 
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NMC98C10/NMC98C40 


Timing Waveforms (Continued) 


NSC800 

NMC98C10 

*X 

CE1 

Ay 

CE2 

Az 

CS 

RD 

OE 

WR 

WE 

ALE 

ALE 

AD 0 -AD 7 (JziJ) 

AD 0 -AD 7 


Note; Ax. Ay. Az are any three of the 8051 address pins A8-A15. By 
connecting CE1, CE2, and CS to specific address lines. The NMC98C10 
and NMC98C40 can be mapped to a particular range in memory, without 
the need for an external memory address decoder. 

FIGURE 3. Using the NMC98C10 with an NSC800 Microcontroller 


NMC98C10 

CE1 

CE2 

CS 

OE 

WE 

ALE 


TL/D/8791-6 

FIGURE 4. Using the NMC98C10 with the HPC 16040 Microcontroller or NSC32000 
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Electronic Compass 
Calibration Made Easy With 
E2 Memory, NMC9306 


National Semiconductor Corp. 
Application Brief 18 
Doug Zrebski 



When a compass is first installed in a vehicle, or when new 
equipment, such as car speakers, are added to a vehicle 
with a compass, the compass must be compensated for 
stray magnetic fields. With a magnetic compass, it must be 
pointed towards magnetic north and then adjusted. This 
procedure is repeated at all four main points of the compass 
until the compass Is calibrated. This procedure is lengthy 
and also requires another calibrated compass to point the 
vehicle in the correct direction. 

The block diagram illustrates an electronic compass that, 
with the aide of an £2 memory, makes adjusting a compass 
as easy as pushing a button, and also eliminates the need 
for another compass. In addition it gives you the ability to 
adjust for variation between magnetic and true north. This is 
a major advantage because it is something that even the 
most expensive magnetic compass cannot do. 

The brain of the electronic compass is the COP421 micro- 
controller. There are two sense coils, one for north/south 
and one for east/west. The output of each of the sense 
amplifiers is an analog voltage which is fed into the A to D 
converter. These voltages are read by the COP421 over the 
microwire interface. From these voltages, the microcontrol- 
ler determines the direction and displays the results 


once again over the microwire interface. To compensate the 
compass in a new environment the procedure is very sim- 
ple. Start by pointing the car in any direction and push the 
switch. The CPU at this time will measure the voltage at the 
sense amplifiers and store this information in the £2 memo- 
ry over the microwire interface. Now the vehicle is turned 
180°C, and the button is pushed again. The same procedure 
will be followed internally. The compensation procedures 
are now complete. During operation the CPU will compen- 
sate for stray fields by adding an ainalog voltage back into 
the sense amplifiers. This value is stored in £2 memory and 
not lost when the power is turned off, but is readjustable if 
its environment is modified. 

Compass variation is the difference between true and mag- 
netic north. This variation differs all over the world and is 
something that must be taken into consideration when navi- 
gating by compass. With the £2 memory device, a variance 
can be programmed in for any given location. In California 
this is approximately 17°, in Michigan approximately 1°. 
Once again, this cannot be accomplished by a magnetic 
compass, and would have been impossible to accomplish 
without an £2 memory device. 


Electronic Compass Block Diagram 



TL/D/8613-1 



2-69 


AB-18 



AB-22 


NMC9346 


Ths application brief describes the use of the NMC9346 
(64 X 16) serial EEPROM. With the advent of the inexpen- 
sive COPSTM family from National Semiconductor, hereto- 
fore “expensive” appiications can now be realized inexpen- 
siveiy. Such an appiication is a low cost thermostat. Typical 
features of such a device are: 

1) Ability to interface to local and remote temperature sen- 
sors, 

2) Ability to hold changeable settings, 

3) Digital display of present temperature, 

4) Inexpensive in high volume. 

CIRCUIT DESCRIPTION 

The basis of the thermostat is the COP410 microcontroller. 
This, with the addition of 2 ADC0854 A/D converters, an 
NMC9346 EEPROM and some logic for LED display, com- 
prise an extremely versatile, yet low cost, system. The 
ADC0854 allows 4 channels of temperature sensors, 1 local 
and 3 remote. Temperature sensors used are LM34 (for 
readings in °F) or LM35 (for readings in °C). 

While there are several possible choices for A/D converters 
that are MICROWIRE™ compatible, the ADC0854 was cho- 
sen because of its “settability”. By presetting the “cold” 
temperature (i.e., when the cooling unit should come 
on— say 80°F) all the microcomputer has to do is to multi- 
plex the inputs and read the data in line. Similarly, the “hot” 
A/D can be preset to the temperature where the furnace 
should come on (e.g., 60°F) and scanned in a like manner. 
Since the microcomputer is also keeping time of day, select- 
ing an A/D with more “smarts” (as in the ADC0854) the 
software can be kept manageable and an external real time 
clock chip is not needed. 


National Semiconductor Corp. 
Application Brief 22 
Kent Brooten 



The EEPROM (NMC9346) holds the presettable tempera- 
ture ranges (high and low settings) by day of the week. 
Since data is in EEPROM rather than in mask ROM, it can 
be changed. 

The LED display is multiplexed by the microcomputer. De- 
pending on the type of display selected, external drivers 
may be necessary. 

Input power is typically 24 VAC. Using a linear regulator 
would cause too much heat to be dissipated, which would 
upset the local temperature sensors. Thus, a switch mode 
regulator must be used. Fortunately, National Semiconduc- 
tor has provided a solution to the problem with the LM3578, 
a switching regulator in an 8-pin mini-DIP, providing more 
than enough current for the application, using only a mini- 
mum of external components. 

SOFTWARE DESCRIPTION 

Since a real time clock is implemented in software, all rou- 
tines must execute the same number of cycles Independent 
of the input. Because of the flexibility of the COPS family 
instruction set, this is not as difficult a problem as it first 
appears. Since the EEPROM contains the settings that are 
periodically sent to the A/D converters, the COPS program 
merely fetches data from one source and dumps it to anoth- 
er while monitoring the output. Even the SET and MODE 
keys can be acted upon in a predictable manner IF the soft- 
ware designer carefully plans the program flow BEFORE 
writing code. 

Note: Also see App Brief 15. 
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The NMC9346 — An Amazing 
Device 


National Semiconductor Corp. 
Application Note 423 
Stacy Deming 


Question: What has 8 pins, runs on 5V and can store any 
one of more than 10300 unique bit patterns? 
Answer: The NMC9346 — a 1 024-bit serial EEPROM. 
Surprised? It is easy to check: 

21024 = number of possible combinations 
210 = 103 

21024 s (210)102 = (103)102 = 10306 

10306 combinations are more than enough for any conceiv- 
able security application, serial number, or station I.D. many 
times over. Although the NMC9346 is a small part both 
physically and in memory size, its capacity to store unique 
codes is boundless. 

Figure 1 shows the pin assignments and pin names for the 
NMC9346. Pins 6 and 7 are not connected, leaving only 6 
active pins on the device. The DO pin is not active while 
data is being loaded through the Dl pin. Dl and DO can be 
tied together, creating a device that requires a 5-wire inter- 
face. This interface may be useful in security applications. 
The EEPROM could be built into a module that could be 
used as a “smart key” in electronic security systems. The 
key would be read whenever it was inserted into a 5-contact 
keyhole and access would be granted or denied as deter- 
mined by the stored code. If only 256 bits of the EEPROM 
were to be used to store the code, this would still provide 
1077 possible combinations. The remainder of the memory 
in the key could be used for data collection or to keep a 
record of where the key had been. It should be noted that 
ability to write data into the key allows the key to be immedi- 
ately erased if it is misused. 

Dual-ln-Llne Package 



Pin Names 

CS 

SK 

Dl 

DO 

Vcc 

GND 

NC 


Chip Select 
Serial Clock 
Data Input 
Data Output 
-f-5V 
Ground 

No Connection 


The 5-contact key is nice, but a 4-contact key is at least 
20% better. Figure 2 shows how the addition of a retriggera- 
ble one-shot can achieve this reduction. This circuit puts 
some timing constraints on the serial clock signal, but these 
are easily met. The output pulse of the one-shot should re- 
main high for a period that is slightly longer than one serial 
clock cycle to prevent the NMC9346 from being reset. (The 
falling edge of CS must occur before the rising edge of the 
serial clock after the last bit of a write command is transmit- 
ted.) 


CS 

Vcc 

SK 


Dl 


DO 

GND 


One-shot is retriggerable MM74HC123 

FIGURE 2 

A circuit for a 3-contact key is shown in Figure 3. A filter 
capacitor, diode and one-shot have been added. Both one- 
shots are triggered whenever a pulse to ground occurs on 
the power supply contact. The capacitor and diode provide 
power to the NMC9346 and the one-shots during this brief 
power interruption. An operational amplifier can be used as 
the power source and can easily generate the required 
waveform. Both the serial clock and chip select signals are 
recovered from this waveform. 
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TL/D/8611-3 
One-Shot A— Vi MM74HC123 
One-Shot B— Vi MM74HC123 

FIGURE 3 

By adding more circuitry to the key, it is possible to achieve 
a 2-contact interface. A circuit for this interface is shown in 
Figure 4. 

Commands and data are transmitted to the key by superim- 
posing a pulse-width-modulated code on the power supply 
contact. The voltage swings between 8V and 16V at point 1. 
A regulated 5V is supplied to the circuits in the key by a 
local regulator. Resistors R1 and R2 form a divider to create 
a 3V reference for the operational amplifier. R3 and R4 are 
used as a divider that converts the 8V to 16V signal at point 
1 to a signal at point 2 that swings between 2V and 4V. The 
output of the operationai amplifier now follows the signal at 
point 1 but swings from OV to 5V. This signal is used to 
trigger the one-shots as in the 3-contact circuit, and appears 


at the Di pin as a pulse-width-modulated signal. Command 
and data signals may now be entered. Data is read from the 
key by monitoring the power supply current. When the DO 
pin is in TRI-STATE® or outputs a one, transistor T2 is 
turned off. When DO outputs a zero, T2 is turned on and 
current flows through R5. The value of R5 may be chosen to 
create whatever current change is needed to detect the 
state of DO. The current should be tested when the voltage 
at point 1 is 1 6V. The resistor in this example will produce a 
10 mA change. 

Figure 5 shows a typical read sequence for the circuit 
shown in Figure 4. 

Conclusion 

This application note describes a number of circuits that are 
useful in security and data collection systems. These cir- 
cuits should be considered only the beginning. It no longer 
makes sense to install DIP switches to select access codes 
in garage door openers, cordless and mobile phones, or any 
other microcontroller-based system. “Smart keys” can be 
used to gain access to databases and can be invalidated 
over normal communication lines if they are abused. It bog- 
gles the mind to consider what can be done with so many 
unique codes. 

Note: The circuits in this application note feature the NMC9346. The 
NMC9306 is a pin-compatible part that stores 256 bits. The NMC9346 
was used because it has a self-timing write cycle and the NMC9306 
does not. Additional circuitry is not required to use the NMC9306, but 
an additional chip select signal must occur at the CS pin to terminate 
a write cycle. 



R1 = 20K 
R2 = 30K 
R3 = 15K 
R4 = 5K 

One-Shot A = 'A MM74HC123 


One-Shot B = 'A MM74HC123 
V-R = LM2930Z-5.0 
OA = LM358 
R5 = 1600 n 

FIGURE 4 
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READ REGISTER 6 = 1 100001 10 XXXXXXXXXXXXXXXX 
START ■ 


16V 

V*AND DATA © 
8V 

4V 

® 

2V 


1 1 


OPCODE ADDRESS OUTPUT DATA 

1 1 


“Lnmuuuinj^^ 

nrinjuuuinrijij^^ 


5V 
CS ® 
OV 

5V 
SK ® 
OV 

5V 

DATA ® 
OV 

5V< 
DO ® 
OV 

MAX 

I 

MIN • 


ss~ 


-I L 

“inmuuuinj^^ 


DUMMY BIT 



D15 DI4 D13 D2 D1 DO 


FIGURE 5 
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An Easy/Low Cost Serial 
EEPROM Interface 


INTRODUCTION 

Designers have resisted using a low cost serial EEPROM 
because of the uncommon interface required. The added 
components and circuitry have caused many engineers to 
resort to a larger parallel EEPROM, even when only a few 
bytes of non-volatile memory were required. 

National Semiconductor has a design that is low in support 
components and takes advantage of a UART with a 1 x 
external clock. This circuit is useful for DIP switch replace- 
ment as well as for a permanent record of the UART’s com- 
munications activity. It can also be used as a security lock. 
Ease of interface offers the engineer a low cost solution. 

THEORY OF OPERATION 

Ordinarily small EEPROMs have been used to replace the 
DIP switch commonly found in microprocessor circuits. Just 
as common in such designs are UARTs, and the given appli- 
cation takes advantage of this for ease of interface. Be- 
cause address decoding and microprocessor bus interfac- 
ing have already been accomplished, the UART is an ideal 
support interface for a serial EEPROM. The only true re- 
quirements for a serial EEPROM are the serial data path, 
clock timing, and chip select signal. All of these signals are 
derived from a UART in this application. 

The Data In for the EEPROM is the transmitted data of the 
UART. Data Out of the EEPROM is directed to the receive 
data line of the UART. The chip select required by the 
EEPROM is a modem control line whose level is used to 
select either the modem device or the EEPROM. Finally, the 
serial clock required by the EEPROM can be a 1 x clock 
provided by the UART. 

THE WRITE CYCLE 

When a write cycle is desired, the UART must be set up for 
an external 1 x clock, 8 data bits, 1 stop bit, no parity and 
RTS must be programmed for a high output prior to data 


National Semiconductor Corp. 
Application Note 431 
Pat Webster 


transmissions. It is also necessary to insure that the trans- 
mit buffer has been cornpletely emptied of all prior bytes. 
Before data can be written, an erase cycle to the desired 
address must first take place. This can be accomplished by 
loading the UART transmit register with an AO, A1 , A2, A3, 
XX1 1 (e.g., an 03 h would result in location 0 being erased). 
After the transmit shift register has emptied, RTS should be 
returned to a low state and an erase/write programming 
time of 30 ms must elapse. 

To write data requires that an address-op byte and two data 
bytes be loaded in the transmit holding register as soon as 
the holding register becomes empty. Table I shows the rela- 
tionship of bits as they travel from the micro to the UART 
and finally to the EEPROM. The MSB 4 bits of the last byte 
written will not be saved by the EEPROM due to the 1 6-bit 
storage ability of the part. As the UART inserts start and 
stop bits, a total of 4 bits is saved in the EEPROM that are 
not usable by the microprocessor but are required by the 
UART. 

THE READ CYCLE 

As was true for the write cycle, the UART must be set up for 
8 data bits, 1 stop bit, and an external 1 x clock. To start the 
read cycle, a byte with read op and address must be written 
to the UART. An example of read location 0 would be 01 h- 
After the transmit shift register has emptied, the receiver 
shift register will begin to accumulate the data that was writ- 
ten and two reads will be required before the operation can 
be considered complete. 

CONCLUSION 

For a further understanding of this interface, refer to the 
NMC9306/9346 and the NSC858 data sheets. Parity could 
be added for data integrity with further sacrifice of usable 
data bits in the EEPROM and the possibility of the second 
byte read being in parity error. 
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Table 1 



Micro Data 

UARTXMlTData 


EEPROM 

— 

Start-Bit 


1 

DO 

0 1 


0 

D1 

1 

Command 

1 

D2 

0 

(Write) 

0 

D3 

0 J 


0 

D4 

A3 


A3 

D5 

A2 


A2 

D6 

A1 


A1 

D7 

AO 


AO 

— 

Stop-Bit 


015 

— 

Start-Bit 


014 

00 

*EDO 


013 

D1 

EDI 


012 

D2 

ED2 


Oil 

D3 

ED3 


010 

D4 

ED4 


009 

05 

E05 


DOS 

06 

ED6 


007 

07 

ED7 


006 

■ — 

Stop-Bit 


005 

— 

Start-Bit 


004 

DO 

EDS 


003 

01 

EDO 


002 

02 

ED10 


001 

03 

ED11 


DOO 

04 

N/A 


N/A 

05 

N/A 


N/A 

06 

N/A 


N/A 

07 

N/A 


N/A 

— 

Stop-Bit 


N/A 


'EOXX = Usable EEPROM Data 
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Using the NMC9306 for 
Configuration and 
Production Information in a 
TMP Based Terminal 
System 


National Semiconductor Corp. 
Application Note 433 
Richard Yair 


ABSTRACT 

This application note gives a detailed description of the use 
of the NMC9306 E2pROM in a TMP based environment. 
The function of the E2pROM is to contain all the configura- 
tion data for the terminal (i.e., baud rate, auto dial numbers, 
function selects, etc.) and also production information (i.e., 
serial number, date of manufacture, etc.) 

INTRODUCTION 

In a computer terminal environment, there are many user 
selectable options that need to be strapped into the termi- 
nal before it can be used. Some terminals have modems 
built into them that can automatically dial numbers for you. 
Some terminals can even emulate several different industry 
standard terminals, all in one. This configuration information 
is usually programmed into the terminal by using DIP 
switches accessed through some access cover or by re- 
moving a certain panel. A major drawback to this type of 
configuring is that the terminal must be opened by the user 
if they are to change the strapping. Another disadvantage is 
the terminal usually cannot be changed dynamically. Enter 
NON-VOLATILE RAM or battery-backed-up RAM. This cre- 
ates another problem in that the system cost is increased, 
reliability suffers, and board space may not be available. 
Enter NM09306 serial E2pROM in an 8-pin Mini-DIP. This 
device is not only non-volatile, but is small, inexpensive, and 
simple to use. 


HARDWARE MAIN DESCRIPTION 

Since the NS455 Terminal Management Processor (TMP) 
does not have a MICROWIREtm interface, another method 
of interfacing must be devised. The TMP has provisions for 
an external output port attached to the ROM bus which can 
be used to simulate the MICROWIRE interface. This is done 
by using three free data bits of a 74LS273 as shown in 
Figure 1. These three bits will be the CHIP SELECT, 
CLOCK, and the DATA IN inputs to the NMC9306. The TMP 
also has an input port enable pin that can be used to read a 
set of buffers such as a 74LS244. A single pin can be used 
for the DATA OUT signal from the NMC9306 as shown in 
Figure 2. If no input port is required, the DATA OUT signal 
can be driven directly onto the ROM expansion bus through 
a 4.7k resistor as shown in Figure 1. This is all the hardware 
that is required to interface the part. 

SOFTWARE MAIN DESCRIPTION 

This is where things get a bit tricky. Routines must be writ- 
ten to communicate with the NMC9306. These routines 
must read, write, erase, and enable erase/write in the 
NMC9306 by simulating the MICROWIRE interface. This is 
done by turning the output ports pins on and off with the 
correct timing to simulate the interface without interfering 
with the other pins. Also, the input data must be converted 
to usable form as well as converting the outgoing data to 
serial form. Simple. 
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To start, there are a few things to be mentioned. The TMP 
has a modified 8048 processor for its controller. This con- 
troller has a 16-bit accumulator, addressed as two 8-bit reg- 
isters, which are ACC and HACC. The high accumulator 
(HACC) is accessed through the low accumulator (ACC). 
This is important since the NMC9306 is arranged in 16 
words of 16 bits each. Also, to allow the port to be modified 
without changing any unwanted bits, a PORT MASK must 
be defined in the memory of the TMP. Any change to the 
port should be done by updating the mask, and then send- 
ing the mask data to the port. This will also make testing the 
data on the port possible. The codes for communicating 
with the NMC9306 can be obtained from the National Semi- 
conductor 1984 MOS Memory Databook in Section 7. Also, 
all critical timing parameters are described therein. 

In a typical TMP system, there are large amounts of configu- 
ration data that must be set up before the terminal can com- 
municate properly. If the system is really complex, it may 
need more yet. A typical configuration map is shown below. 
Along with the configuration data, production information 
should be Included. This may be entered by some code at 
power-up that is not documented in the end user guide, This 
set-up screen may ask for the date of assembly, the assem- 
bly location code, the serial number, the customer code, 
the options enabled (tricky sales pitch — “for only $50 more 
. . . ”), the number of times the unit was returned to the 
factory for service, and any other data that must be tracked 
for production. If the NMC9306 does not have enough 
room, the NMC9346 is 4 times larger, and has the same 
hardware requirements. Only slight software changes are 
required. 

CONCLUSION 

It can be seen that the NMC9306 is simple, yet functional in 
replacing strapping switches and enhancing the product. 
The NMC9306/NMC9346 components in this application, 
replace more costly and larger parts, and are easily integrat- 
ed into a TMP or other terminal design. The end product will 
be more versatile through enhanced user interface and 
tracking of important production data. 


Typical Configuration Map 


Location 

(Hex) 

Description 

0 

BitO 

Cursor Blink Enable 


Biti 

Cursor Underline/Block 


Bit 2 

Cursor Inverts Video On 


Bit 3 

Screen Norm/Inverse Vid 


Bit 4 

Local Mode On/Off 


Bits 

Status Line Enable 


Bits6-F 

(Spare) 

1 

Bits 0-3 

Baud Rate 


Bit 4 

1 or 2 Stop Bits 


Bits 

7 or 8 Data Bits 


Bit 6 

Parity On/Off 


Bit 7 

Odd or Even Parity 


Bits 8- F 

(Spare) 

2 

BitsO-F 

(Spare) 

3 

BitsO-F 

Month and Year of Assem. 

4 

Bits 0-7 

Day of Assembly 


Bits 8-F 

Assembly Location 

5 

Bits 0-7 

Inspector Code 


Bits 8-F 

No. of Returns 

6 

BitsO-F 

Serial Number (MSW) 

7 

BitsO-F 

Serial Number 

8 

BitsO-F 

Serial Number (LSW) 

9 

Bits 0-7 

Failure Code 1 


Bits 8-F 

Failure Code 2 

A 

BitsO-F 

Check Sum 

B-F 

(Spare) 
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Common I/O Applications 
of NMC9306/COP494 and 
NMC9346/COP495 
Non-Volatile Serial 
Access Memories 


National Semiconductor Corp. 
Application Note 481 



NMC9306/COP494 and NMC9346/COP495 are serial 
access non-volatile memories designed for a 4-wire 
(MICROWIREtm) interface; Chip Select (CS) input, clock 
(SK) input, serial data input (Dl), and serial data output (DO). 
Since DO is in TRI-STATE® while instructions, address and 
data are being shifted into the chip on the Dl signal line, Dl 
and DO can be tied together as a common I/O to' further 
simplify the interface. However, the following potentially 
troublesome situations should be kept in mind and dealt 
with according to these recommendations; 

NMC9306/COP494 

While clocking in a READ instruction, approximately 500 ns 
(typical) after the least significant bit (AO) of the register 


address is clocked into the chip by the rising edge of SK, 
DO comes out of TRI-STATE and goes low (logical ‘0’) as a 
dummy bit to signal the start of the data output string (Figure 
1). In a common I/O application, if AO is a logical ‘1’ and is 
still driving Dl when the dummy bit becomes valid, a low 
impedance path between the power supply and ground is 
created through the Dl driver and the on-chip DO buffer 
(Figure 2). If measures are taken to minimize the short cir- 
cuit current, e.g., by inserting a current limiting resistor be- 
tween the Dl driver and the chip (Figure 2), the part will 
continue to work normally since AO is clocked onto the chip 
before this potential disturb condition occurs. 






TL/D/9213-1 


FIGURE 1. Read Instruction in Common I/O Configuration 
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FIGURE 2. Current Path during Dl Driver and 
DO Buffer Conflict during Read Instruction 


NMC9346/COP495 

The NMC9346/COP495 has a self-timed programming cy- 
cle which uses DO to indicate the ready/busy status of the 
chip. Therefore, in addition to the potential problem in the 
READ mode similar to NMC9306/COP494 described 
above, another pitfail may be encountered at the end of a 
programming cycle in common I/O applications. 

The self-timed programming cycle Is Initiated by the falling 
edge of CS after a programming instruction (ERASE, 
WRITE, ERAL, WRAL) is shifted in. If CS is brought high 
subsequently, after a minimum of 1 fjis (tcs), DO indicates 
the ready/busy status of the chip. DO = logical ‘0’ indicates 


that programming is stiil in progress. DO = logical ‘1’ sig- 
nals the end of the programming cycle. This ‘status check’ 
function of DO is cancelled (i.e., DO returns to TRI-STATE) 
when a logical ‘1’ on Dl is ciocked into the chip by SK with 
CS high. With separate input and output this is automatically 
accomplished by the start bit of the next instruction (Figure 
3). 

In a common I/O application, the following clocking se- 
quence is recommended to avoid premature canceiiation of 
the ‘ready’ status and/or interference of the ‘ready’ status 
with the serial input sequence for the next instruction (Fig- 
ure 4 ) : 

1) Inhibit the SK dock after docking in the programming 
instruction. 

2) After acknowledging the ‘ready’ status, clock SK once 
while the common I/O is still high to cancel the ready/ 
busy status function of DO. 

3) Bring CS low for a minimum of 1 fts (tcs) to clear the 
instruction register before initiating the next instruction. 

DO is now reset back to TRI-STATE, and the chip is ready 
to accept the next instruction. 

The chip may enter the ‘ready’ status mode under certain 
conditions of Vcc power-up. This occurs due to the Vcc 
power-up conditions setting the status mode logic on the 
chip, and is not an indication of a spurious programming 
cycle on Vcc power-up. The following clocking sequence is 
recommended to ensure cancellation of this status signai 
after Vcc power-up (Figure 5 ) : 

1) Bring CS high. 

2) Clock SK once to ensure cancellation of the ‘ready’ 
status. 

3) Bring CS low for a minimum of 1 fis (tcs) to clear the 
instruction register before initiating the first instruction. 


NMC9346 Timing Diagrams 



•The Ready/Busy Status Indicator for a program Instruction 
(ERASE, WRITE. ERAL, WRAL) is reset when the Start bit 
for the foilowing instnjction is ciocked in. 


FIGURE 3. Programming Cycle with 4-Wlre Interface 




NEXT INSTRUCTION 


- TRI-STATE , / I 

READY S, / 1 

3 START 

BIT 

_ ’READY /BUSY STATUS INDICATOR 
IS RESET BY THIS SK CLOCK EDGE 


FIGURE 4. Recommended Programming Cycle In Common I/O Configuration 


1ST INSTRUCTION 


,_rLn_rL 


D| TRI-STATE® / " — 
DO READY 


READY CANCELLED ON THIS SK EDGE 


FIGURE 5. Recommended Clocking Sequence on Vcc Power-Up In Common I/O Configuration 
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Error Detection and 
Correction Techniques for 
Nationai Semiconductor’s 
EEPROM Products 


National Semiconductor Corp. 
Application Note 482 



This application note provides the non-volatile memory sys- 
tem designer who cannot tolerate the very low failure rate 
associated with National Semiconductor’s ESpROMs, with a 
method to assure data integrity and extend the life span of 
the product. 

With a minimum additional parts cost, the following error 
detection and correction techniques allow the designer to 
extend the usable life of an EEPROM device. The technique 
is applicable for applications requiring 100,000 or more 
erase/write cycles per register. 

All EEPROMs fail with extended erase/write cycling. Nation- 
al Semiconductor EEPROMs fail in a statistically predictable 
and well behaved fashion as the number of erase/write cy- 
cles increase. The failure of one bit cell does not influence 
the operation of adjacent bit cells. Since bit failure is a grad- 
ual wearout phenomenon which only affects discrete cell 
locations one at a time, it is possible to apply simple encod- 
ing techniques which can determine the locations of cell 
failures so that faltering memory addresses can be avoided 
in the future. 

Single parity checking is the simplest way to check for er- 
rors in a binary code. In a parity checking system an extra- 
parity-bit is chosen so that the number of Is in the block of 
data, including the parity bit, is even. In practice this is ac- 
complished using modulo 2 addition (i.e., 0 -f- 0 = 0; 0 + 
1 = 1;1+0 = 1:1-f-1=0;0-h0 + 1 = 1; etc.). 
Modulo 2 addition is quickly accomplished through an exclu- 
sive OR gate. When the data is read back, the number of 
ones are counted and the sum is checked to see if it is odd 
or even. An odd sum is an indication that an error occurred 
in the data. This method of single parity checking can detect 
the occurrence of an error in a block but it cannot be used 
to determine the exact location of the error to correct the 
bad data. 

A natural extension of single parity checking is the Hamming 
code. A Hamming code uses several parity checks, instead 
of just one. This allows errors to be corrected as well as 
detected. Using bits in blocks of 7, where 4 of the bits are 
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FIGURE 1. Computation Scheme for Parity Bits 
Using Hamming Code 


information and 3 are parity allows for error detection and 
correction of any single bit within the block, including the 
parity bits themselves. 

The initial parity is calculated as shown in Figure 1. The 
parity bits are in columns 4, 5 and 6, while the actual infor- 
mation bits are in columns 0, 1,2, and 3. The contents of 
each parity bit comes from summing the contents of a 
unique combination of three of the four information bits. The 
parity bit is chosen so that this sum will be an even number 
when added to the parity bit itself. Notice that each one of 
the parity bits calculates its contents by using different com- 
binations of the data bits. Every data bit in the block has its 
information read at least twice. Using this overlapping 
scheme is what allows the code to correct errors. 

Since there are only 4 bits of information there can be only 
24 = 16 possible combinations of 1s and Os. These 16 
possible correct combinations are listed on the code word 
table in Table I. When the encoded block is read back from 
memoiy, the same parity coding scheme is used again on 
the information bits and compared to the original parity bits. 
This forms what is called a syndrome. If any errors have 
occurred in the 7-bit block their locations can be determined 
and the errors corrected. Table II shows the decoding ma- 
trix which is used on the syndromes to determine the loca- 
tion of an error. If no errors occurred the syndrome will be 
000. Table III shows all the combinations of the 7-bit block. 
Note that there are only 1 28 possible variations of 1 s and Os 
in the block: (7 mistake combinations per block + 1 correct 
combination per block) x (16 possible block combinations). 
All these combinations can be stored in a table and called 
up quickly to check for possible data errors without the need 
to even create a syndrome upon reading a word. For exam- 
ple, suppose we want to store the data 1000. From Table I 
we see that the 7-bit block would be 1111000 after the 
Hamming code had been applied. If information bit 3 for 
example goes bad, then the new block would read 1 110000. 
This is case number 112 in Table III, and we see that the 
correct information is 1000. With Table III available in the 
computer memory, the received codeword can be corrected 
automatically. An array of 128 bytes can provide both the 
corrected information and the syndrome information. 

The 7-bit codeword works nicely with National Semiconduc- 
tor’s serial EEPROMs because they are organized as arrays 
of 16-bit registers. Each 16 bit register is modified or ac- 
cessed with a simple-serial protocol. The 16-bit unit can be 
partitioned two eight-bit bytes. Each byte can contain a sev- 
en-bit codeword and one-bit flag that indicates whether an 
error has been previously detected in the byte. This scheme 
provides one byte of error corrected information per 1 6-bit 
register. Slightly more elaborate systems can be used which 
will detect and correct more errors if additional parity bits 
are added to the data. 
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TABLE I. Encoding Table for Hamming Code 


Sixteen Code Words 


TABLE II. Syndrome Decoding Table for Hamming Code 


Parity 

Information 

Bits 

Bits 


Syndrome 

Meaning 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

No error detected 
Check bit 0 in error 
Check bit 1 in error 
Information bit 2 corrected 
Check bit 2 in error 
Information bit 1 corrected 
Information bit 0 corrected 
Information bit 3 corrected 



With this added data protection the reliability of EEPROMs 
can be extended because the probability of two or more 
cells falling on the same codeword Is low. To Illustrate the 
Hamming code, an experiment on 16 devices with Ik bits 
each was conducted. The experiment results are shown in 
Table IV. While the first bit failure was detected somewhere 
between 12,589 and 15,849 cycles, the Hamming code just 
described would have protected against the loss of data 
until somewhere between 79,433 and 100,000 erase/write 
cycles. Notice that 55 bit failures were indicated when the 
first Hamming code failure was detected. This is to be ex- 
pected because a Hamming failure will not occur until two or 
more bits within a particular group of seven bits have failed. 


TABLE III. Information Retrieval Table for All Possible Combinations of SIngle-BIt-Correct Hamming Code 


Received 

Codeword 

Syndrome 

Bits 

Corrected 

Information 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

1 

0 

1 

1 

1 

0 

0 

0 

0 

1 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

1 

0 

1 

0 

1 

1 

1 

0 

0 

0 

0 

1 

1 

0 

1 

1 

0 

0 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

0 

0 

0 

1 

0 

0 

0 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

1 

0 

0 

1 

0 

0 

0 

1 

0 

1 

0 

0 

1 

0 

1 

0 

1 

0 

0 

0 

0 

1 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

0 

0 

0 

1 

1 

0 

0 

1 

0 

0 

1 

1 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

1 

0 

1 

0 

0 

0 

1 

1 

1 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

1 

1 

1 

1 

0 

0 

1 

0 

0 

1 

0 

0 

1 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

1 

0 

1 

0 

0 

0 

1 

1 

0 

0 

1 

0 

1 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

1 

0 

1 

0 

1 

1 

0 

0 

0 

1 

0 

1 

0 

0 

1 

0 

1 

1 

0 

1 

1 

1 

1 

1 

1 

0 

0 

0 

1 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

0 

0 

1 

1 

0 

0 

0 

1 

1 

0 

1 

0 

0 

1 

0 

0 

1 

1 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

1 

0 

1 

0 

0 

1 

1 

1 

1 

1 

0 

0 

0 

1 

1 

0 

1 

1 

1 

0 

1 

1 

0 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

1 

0 

0 

0 

1 

1 

1 

0 

1 

0 

1 

1 

1 

0 

0 

1 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

0 
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TABLE III. Information Retrieval Table for All Possible Combinations of SIngle-BIt-Correct Hamming Code (Continued) 



Received 

Codeword | 

Syndrome 

Bits 

Corrected 

Information 


0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 


0 

1 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

1 

34 

0 

1 

0 

0 

0 

1 

0 

1 

1 

1 

1 

0 

1 

0 

35 

0 

1 

0 

0 

0 

1 

1 

0 

0 

1 

0 

0 

1 

1 

36 

0 

1 

0 

0 

1 

0 

0 

0 

0 

1 

0 

1 

0 

0 

37 

0 

1 

0 

0 

1 

0 

1 

1 

1 

1 

1 

1 

0 

1 

38 

0 

1 

0 

0 

1 

1 

0 

1 

0 

0 

0 

1 

1 

0 

39 

0 

1 

0 

0 

1 

1 

1 

0 

1 

0 

0 

1 

1 

1 

40 

0 

1 

0 

1 

0 

0 

0 

1 

0 

1 

1 

0 

1 

0 

41 

0 

1 

0 

1 

0 

0 

1 

0 

1 

1 

1 

1 

0 

1 

42 

0 

1 

0 

1 

0 

1 

0 

0 

0 

0 

1 

0 

1 

0 

43 

0 

1 

0 

1 

0 

1 

1 

1 

1 

0 

1 

0 

1 

0 

44 

0 

1 

0 

1 

1 

0 

0 

1 

1 

0 

1 

1 

0 

1 

45 

0 

1 

0 

1 

1 

0 

1 

0 

0 

0 

1 

1 

0 

1 

46 

0 

1 

0 

1 

1 

1 

0 

0 

1 

1 

1 

0 

1 

0 

47 

0 

1 

0 

1 

1 

1 

1 

1 

0 

1 

1 

1 

0 

1 

48 

0 

1 

1 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

0 

49 

0 

1 

1 

0 

0 

0 

1 

1 

0 

1 

0 

0 

1 

1 

50 

0 

1 

1 

0 

0 

1 

0 

1 

1 

0 

0 

0 

1 

1 

51 

0 

1 

1 

0 

0 

1 

1 

0 

0 

0 

0 

0 

1 

1 

52 

0 

1 

1 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

53 

0 

1 

1 

0 

1 

0 

1 

1 

1 

0 

0 

1 

0 

0 

54 

0 

1 

1 

0 

1 

1 

0 

1 

0 

1 

0 

1 

0 

0 

55 

0 

1 

1 

0 

1 

1 

1 

0 

1 

1 

0 

0 

1 

1 

56 

0 

1 

1 

1 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

57 

0 

1 

1 

1 

0 

0 

1 

0 

1 

0 
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TABLE III. Information Retrieval Table for All Possible Combinations of Slngle*Blt-Correct Hamming Code (Continued) 



Received 

Codeword 

Syndrome 

Bits 

Corrected 

Information 

80 

1 

0 

1 

0 

0 

0 

0 

1 

0 

1 

n 

0 

1 

0 

81 
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1 

0 

0 

0 

1 

0 

1 

1 

■1 

1 

0 

1 

82 

1 

0 

1 

0 

0 

1 

0 

0 

0 

0 
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1 
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TABLE IV. Hamming Code Experimental Demonstration on 16 Devices of Ik Bits Each 


Erase/Write 

Cycles 

Total Bit 
Failures 

Total Codeword 
Failures 

Percent Bit 
Failures 

Percent Codeword 
Failures 

1000 

0 

0 

0.00% 

0.00% 

1259 

0 

0 

0.00% 

0.00% 

1585 

0 

0 

0.00% 

0.00% 

1995 

0 

0 

0.00% 

0.00% 

2512 

0 

0 

0.00% 

0.00% 

3162 

0 

0 

0.00% 

0.00% 

3981 

0 

0 

0.00% 

0.00% 

5012 

0 

0 

0.00% 

0.00% 

6310 

0 

0 

0.00% 

0.00% 

7943 

0 

0 

0.00% 

0.00% 

10000 

0 


0.00% 

0.00% 

12589 

1 


0.01 % 

0.00% 

15849 

1 


0.01% 

0.00% 

19953 

1 

0 

0.01% 

0.00% 

25119 

1 

0 

0.01% 

0.00% 

31623 

3 



0.00% 

39811 

4 



0.00% 

50119 

10 


0.06% 

0.00% 

63096 

16 

0 

0.10% 

0.00% 

79433 

55 

1 


0.05% 

100000 

103 

3 


0.15% 
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The Reliability of National Semiconductor’s 
EEPROM Products 


This applications note provides the non-volatile memory 
system designer with the necessary information to design 
reliable non-volatile memory subsystems. The first section is 
an introduction to EEPROM technology. Next, is a des- 
cription of the intrinsic failure mechanisms common to all 
EEPROM devices. The third section is a description of the 
reliability aspects of National Semiconductor’s manufactur- 
ing process. 

INTRODUCTION TO EEPROM TECHNOLOGY 
EEPROM Background 

The Electrically Erasable Programmable Read Only Memory 
(EEPROM) is a non-volatile, fully static data storage device 
which is also electrically erasable. It can be erased and writ- 
ten rapidly without removing the chip from the end applica- 
tion system or using a PROM programmer. The technology 
allows for both byte- and chip-clear operations. These ad- 
vantages are in contrast to UVPROMs which require remov- 
al from the system and total erasure of all the bits on the 
chip. 

Technology Description 

National Semiconductor’s NMOS EEPROM devices utilize a 
2.5 micron process. This technology was developed from 
the basic NMOS double poly process, which National Semi- 
conductor’s Memory Division has been using for about 10 
years. 

The new family of CMOS devices is based on National’s 2 
micron M2CMOS process, which is the process National 
Semiconductor uses most widely for such diverse products 
as: Gate Arrays, Telecom, Microprocessing and many oth- 
ers. It is presently fabricated in one of the most modern, 
state-of-the-art, 6 inch wafer fab facilities in the world. 

Device Description 

National Semiconductor EEPROM devices utilize a double 
poly silicon gate process. Figure 1 depicts the basic memo- 
ry element in cross section. It is comprised of an N-channel 
transistor with an additional floating polysilicon gate sand- 
wiched between the control gate and the transistor channel 
region. The gate structures are separated from each other 
and from the transistor channel and drain regions by silicon 
dioxide (Si02). A tunnel oxide which is less than 120 Ang- 


SECOND POLY v « ^ fIRST POLY 



OXIDE 
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Stroms thick is used in the region between the floating poly- 
silicon gate and the N+ drain region. National’s E2 Cell al- 
lows individual bit erasing and writing. 

EEPROM technology relies upon stored charge on the float- 
ing gate to retain information. Floating and control gate volt- 
ages are referenced to the source which is grounded. A 
mode of the equivalent capacitances and voltages for an 
EEPROM is shown in Figure 2. Vqs is the voltage on the 
floating gate, and delta Q is the charge stored on the float- 
ing gate. The charge remains on the floating gate even 
when power is not applied because the surrounding silicon 
dioxide serves as an excellent insulating material. Electrons 
are transferred to and from the floating gate and the under- 
lying MOS device through a process known as Fowler- 
Nordheim tunneling. 



SOURCE AT GND 


y ^ Vcs CcG + VpS CgD + VbS CgB + 

Cgs + Cqb + CqD + CcG 

FIGURE 2. Equivalent Capacitances and Voltages 
Tunneling Physics 

The non-volatile memory storage in EEPROMs takes ad- 
vantage of a quantum mechanical phenomenon known as 
Fowler-Nordheim tunneling. This tunneling process is a 
function of the energy levels of the materials involved. A 
schematic of the energy configuration for an EEPROM is 
illustrated in Figure 3. The energy difference between the 
valence and conduction bands in silicon dioxide (Si 02 ) is 
about 9.05 eV. The energy difference between the same 
two bands for silicon (Si) is approximately 1.1 eV. When the 
Si02 and the Si are joined together the conduction band of 
the Si02 is 3.25 eV above the conduction band of the Si, 
while the valence band of the Si02 lies about 4.7 eV below 
the valence band of the Si. Since the thermal energy of an 
electron at room temperature (23°C) is only 0.025 eV the 
likelihood of an electron jumping from the valence band of 
the Si 02 to the conduction band of the Si 02 is very slight. 

CONDUCTION BAND SIO, 


CONDUCTION BAND SI 


VALENCE BAND SI 


VALENCE BAND SiO? 


FIGURE 3. Energy Band Diagram of the Si 
and SI02 System in its Neutrai State 


FIGURE 1. Cross Section of MOS 
Floating Gate EEPROM 
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Fowler-Nordheim tunneling predicts that these energy 
bands can be distorted in the presence of an electric field. 
This process is depicted in Figure 4. In EEPROMs, tunneling 
of electrons occurs between the drain and floating gate 
through the SiOa tunneling region. The direction of Fowler- 
Nordheim tunneling of electrons through the tunneling re- 
gion depends on the polarity of the voltages between the 
control gate and the drain. Tunneling physics predicts that 
when the electric fields across a thin insulator, such as 
SiOs, are high enough, electrons from the negative elec- 
trode can acquire enough energy to pass or tunnel through 
the forbidden gap and enter the conduction band. The re- 
sulting current flux (J) is approximately proportional to an 
exponential function of the applied voltage as illustrated 
in Figure 5. In order to obtain fields strengths large enough 
to initiate tunneling (V > 7 x 106 eV/cm), at reasonable 
voltages (20V), the Si02 layer must be limited to a thickness 
less than 120 Angstroms. 



FIGURE 4. Distortion of Energy Bands In the 
Presence of a Strong Electric Field 



TL/X/0006-S 

FIGURE 5. Fowler-Nordheim 
Tunneling l-V Characteristic 

Device Operation 

To write the cell to logic “0" the control gate is set to ground 
potential, and a high voltage (19V) is applied to the drain, 
while the source is left floating. The write operation is shown 
in Figure 6. This causes electrons on the floating gate to 
tunnel through the SiOa into the drain. In this configuration 
the transistor will allow current to flow. The electric field 
strength is highest in the region between the floating gate 
and the drain. Hence tunneling occurs in this thin Si02 re- 


gion. The electric field intensity across the tunneling Si02 
region is determined by the capacitive coupling ratio of the 
cell. 
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FIGURE 6. Write Operation 
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During the erase operation the drain is set to ground poten- 
tial while the control gate is pulled up to 21V, as shown in 
Hgure 7. This charging of the control gate causes the float- 
ing gate to become capacitively coupled with a positive bias 
and electrons then tunnel from the drain into the floating 
gate. The transfer of electrons shifts the cell threshold posi- 
tive forcing the transistor to pinch-off current flow, which is 
then interpreted as a logic “1” state at its output. 
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FIGURE 7. Erase Operation 


TL/X/0006-9 


2-90 



E2PR0M Transistor 


SELECTED 

COLUMN 

OV 



TL/X/0006-10 


(vpp) 

21 V 

CONTROL GATE 
(WORD LINE) 


f SECOND POLY ^ 

OV 

DRAIN 
(COLUMN) 


ELECTRON 

FLOW 




TL/X/0006-11 

FIGURE 8. Read Operation 

The read operation is illustrated in Figure 8. To read the bit, 
3.5V is applied to the gate of the transistor (word line). The 
charge stored on the floating gate influences the transistor 
characteristics. When the floating gate has a net negative 
charge, the transistor will not conduct current, and while 
positively charged it will pass current. Distinguishing be- 
tween current flow and non-current flow allows logical 
states to be represented by the transistor. Figure 9 illus- 
trates the situation. When written to, the threshold voltage 
of the transistor (Vth) is equal to -2V and the transistor is 
turned on. This is subsequently read as a logical 0 on the 
memory pins. While the bit is erased the threshold voltage 
will be 6V, the transistor remains off, and the logic is inter- 
preted at the output as a logical 1. This difference between 
high and low voltage states is known as the cell margin, 
logic margin, or device window. 


Gate Voltage (Vqs) 
(Word Line Voltage) 



FIGURE 9. 1-V Characteristics of Floating Gate EEPROM 


INTRINSIC FAILURE MECHANISMS 

EEPROMs and light emitting diodes differ from many other 
semiconductor devices in that they wear out with use. How- 
ever, with a basic understanding of the intrinsic wear out 


and failure mechanisms associated with EEPROMs, the de- 
signer can construct systems which successfully account 
for these limitations. The three primary failure mechanisms 
which affect all EEPROMs are charge trapping and tunnel 
oxide breakdown which are endurance related, and charge 
leakage which is data retention related. 

Endurance 

An EEPROM’s endurance — that is, the number of write and 
erase operations through which each bit can be cycled reli- 
ably— is based largely on the degradation of cell margin. 
The amount of charge that can be stored and removed from 
an EEPROM cell decreases as the cumulative number of 
programming cycles rises. 

Charge trapping is an intrinsic failure mechanism associated 
with EEPROMs which tends to narrow the difference be- 
tween negatively and positively charged threshold voltages 
(device window) as a function of erase/write cycles. Eventu- 
ally, after several million cycles, the window is collapsed 
completely. Figure 10 illustrates the situation. This charge 
trapping is cumulative, and increases proportionally with the 
magnitude and duration of the programming current. 



FIGURE 10. Logic Margin vs Endurance for 
Floating Gate EEPROM 


Tunnel oxide breakdown is the primary intrinsic failure 
mechanism limiting the endurance of EEPROMs. Tiny de- 
fects in the tunneling oxide, caused by imperfections in the 
manufacturing process, can distort the electric field and 
cause large localized gradients. Excessive amounts of cur- 
rent flow through the regions where the electric field is tight- 
ly concentrated leading to high localized mechanical stress- 
es. As write cycles continue, the probability that some im- 
perfection in the oxide will break down increases. Given 
enough time, the cell will fail to operate correctly because 
the silicon dioxide which insulates the floating memory cell 
from the underlying voltage drain will become shorted. The 
rate of failures due to tunnel oxide breakdown can be re- 
duced by minimizing particulate contaminants, decreasing 
the cross sectional area as much as is photo-lithographical- 
ly possible, and controlling the ramp rate of the program- 
ming voltage so as to decrease the peak electric field which 
is created across the tunneling oxide. 
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Data Retention 

Data retention in an EEPROM specification refers to the 
device’s ability to retain a charge on its fioating gate with or 
without an applied bias to the control gate, over extended 
periods of time. A floating gate on an EEPROM cell requires 
between one to five miiiion eiectrons as stored charge, in 
order to store this amount of charge a current of approxi- 
mately 10“ 10 a is required for a period of 10 ms. To insure 
that a wide enough logic margin exists on the cell, the de- 
signed floating gate leakage is limited to 10% of the initial 
charge (1.0“10A) over a period of 10 years. This means 
that for continuous reading or storage operations over this 
period, the leakage must be kept below 10“21 a per cycle. 
Figure 11 shows a typical plot of logic margin vs. time for 
EEPROMs. 



10 '^ 10 "^ 10 "' 10 ® 10 * 10 ^ 10 ^ 10 ^ 10 ® 10 ® 

DATA RETENTION (YR) 

TL/X/0006-14 

FIGURE 11. Logic Margin vs Data Retention 
of MOS Floating Gate EEPROM 

Fowler-Nordheim tunneling, the process responsible for 
charging the floating cell, is also the means by which charge 
is leaked from the storage cell. This failure mechanism falls 
into a very broad class of failures which are proportional to 
exp(-Ea/kT) where Eg is the activation energy of the pro- 
cess, k is Boltzmann’s constant, and T is the absolute tem- 
perature. This is very useful because if the activation energy 
is known for a given process, then tests can be conducted 
at elevated temperatures, reducing testing time, and the 
data can be extrapolated to lower operating temperatures 
using the relationship above. 

Combined Effects 

The total failure rate of an EEPROM is the sum of the com- 
bined rates from all the failure mechanisms involved. Figure 
12 shows the observed failure rate vs. erase/write cycling 
for EEPROMs. The distribution is a bathtub-shaped curve. 
The infant mortality region is characterized by an initially 
high, but rapidly decreasing failure rate. This period is domi- 
nated by failures which arise from manufacturing defects. 
Burn in reliability measures taken during National Semicon- 
ductor’s manufacturing process are designed to eliminate 
these devices before they can be shipped to customers. 
The middle region is dominated by random failures and the 
rate is approximately level until the wearout region is 


reached. The wearout region is characterized by an increas- 
ing failure rate as the device reaches the end of its useful 
life. 
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FIGURE 12. Typical Failure Curve for 
MOS Floating Gate EEPROM 

Comparison to Other Technologies 

CMOS static RAM devices with battery backup are often 
used for non-volatile memory storage. While the CMOS de- 
vice does not exhibit the wearout mechanisms associated 
with EEPROM technology, the batteries associated with 
them do. Nickel Cadmium batteries have a wearout mecha- 
nism. Typically, they are good for only a couple of years 
before they must be replaced. Lithium batteries wear out 
with use and they display another liability in the fact that 
when shorted they can become very hot. Cost is another 
consideration when comparing battery backed up memory 
vs. EEPROM technology for small sized memory applica- 
tions. Batteries and their associated mounting hardware can 
be quite expensive. 

MNOS 
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FIGURE 13. Cross Section of Nitride EEPROM 

Some semiconductor manufacturers use nitrides in the pro- 
duction of their EEPROMs, resulting in two similar classes 
of memories known as SNOS and MNOS devices. A cross 
section of one of these nitride EEPROMs is illustrated in 
Figure 13. Its operation is similar to an MOS EEPROM. The 
nitride layer is analogous to the floating gate on the MOS 
devices. One of the problems encountered with the nitride 
technology is its temperature dependence on the current/ 
voltage curve. This effect is shown in Figure 14. As the tem- 
perature increases the curve shifts up and to the left. The 
higher temperature causes a large increase in current for 
the same read voltage. This leads to poor data retention 
because Fowler-Nordheim tunneling is enhanced at these 
higher current levels and thus large amounts of charge can 
leak with each read cycle. Transistor voltages on nitride 
structures are also adversely affected by even small voltage 
stresses. The final problem associated with this technology 
is that the oxide-nitride interface is degraded by silicon-gate 
processing. 
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TABLE I. Reliability Qualification Procedure for All 
National Semiconductor EEPROM Products (Continued) 


POTENTIAL ACROSS SIjN4 
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FIGURE 14. Current Increase from Increased 
Temperature Leading to Loss of 
Data Retention for Nitride EEPROM 

On the other hand, MOS EEPROMs which use a polysilicon 
floating gate structure, tend to have better endurance char- 
acteristics and superior data retention under voltage and/or 
temperature stress. Polysilicon floating gate devices also 
have a longer history in processing, which accounts for their 
reproducibility and slow wear out as compared to nitride 
systems. 

RELIABILITY ASPECTS OF EEPROMs IN 
MANUFACTURING 

All of the inherent failure mechanisms associated with 
EEPROM technology can be reduced by applying quality 
control techniques during the manufacturing process. Quali- 
ty control measures the component’s conformance to spec- 
ification. Careful monitoring of both the process and the in- 
dividual devices assures the customer of the highest possi- 
ble reliability. 

Quality Control 

The introduction of any new part into the National Semicon- 
ductor product line requires first that the product must pass 
strict design and manufacturing requirements. A table of the 
reliability qualification procedure which National Semicon- 
ductor follows for the introduction of a new EEPROM prod- 
uct appears in Table I. 

TABLE I. Reliability Qualification Procedure for 
All National Semiconductor EEPROM Products 



Test 

Sample 

Allowed 

Fall. 

JPkg. 

Operating Life 

3x105 

2/Lot 


125‘'C 


5% LTPD 


1000 Hrs. 


(0.78 AQL) 


Dynamic B-l at 5.5. All inputs exercised. 


(Read, Disabie, Read, Disable . . . ) 


Test 

Sample 

Allowed 

Fail. 

1) 

Operating Life 
125°C 
1008 Hrs. 

3x105 

2/Lot 
5% LTPD 
(1.3 AQL) 

2) 

85/85 
1008 Hrs. 

3x105 

2/Lot 
5% LTPD 
(1.3 AQL) 

3) 

Autoclave 
168 Hrs. 
(No Bias) 

3x105 

2/Lot 
5% LTPD 
(1.3 AQL) 

4) 

Bias Pressure 
Cooker 
96 Hrs. 
(Static B-l) 

3x105 

2/Lot 
5% LTPD 
(1.3 AQL) 


INCOMING MATERIAL 


STATISTICAL QUALITY CONTROL 


SAMPLE EACH WAFER FOR 
ENDURANCE CHARACTERISTICS 


STATISTICAL QUALITY CONTROL 


ENDURANCE SCREEN 


RETENTION BAKE-IN 24 HRS. @ 1 50 C 


PARAMETRIC TEST TO SPECIFIED ENVIRONMENT 


FUNCTIONAL TEST TO SPECIFIED ENVIRONMENT 


ENDURANCE SURVEY 10,000 CYCLES 


QUALITY ASSURANCE 
SAMPLE 


FIGURE 15. Quality Control Steps for 
National Semiconductor EEPROMs 
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Reliability of National Semiconductor’s EEPROM Products 


For EEPROMs which are in the manufacturing phase, statis- 
tical quality control and testing are used to evaluate product 
compliance to specification. Figure 15 shows a flow chart of 
the various quality control steps which National Semicon- 
ductor puts their EEPROM chips through. 

Burn In 

In addition to strict qualifying requirements of products prior 
to manufacture and tight quality control procedures, Nation- 
al Semiconductor also implements burn-in tests, which 
weed out the weaker chips, and ensure an even higher level 
of reliability for the surviving EEPROMs. Figure 16 is an illus- 
tration of typical improvements in product reliability resulting 
from burning in chips, and removing the ones which would 
normally fail in the infant mortality region. 

RELIABILITY ASPECTS OF EEPROMs 
IN APPLICATIONS 

Reliability Testing and Results 

Endurance failure in EEPROM testing is often defined in 
very different ways. One of the more lenient methods of 


describing failures on an EEPROM is to simply say that ev- 
ery non-operative cell in a memory device constitutes one 
failure. National Semiconductor, however, chooses to use a 
fundamentally more rigorous definition, in which a failure is 
indicated the first time any single memory bit on the entire 
chip fails. Depending on memory size and specific devices, 
one can typically expect a failure rate over 10,000 erase/ 
write cycles of about 3% or less. Of this small percentage of 
chips which fail after ten-thousand cycles, seldom will any 
have more than a single-bit error. 

It is important to note that the two mddes of EEPROM fail- 
ure, endurance and data retention, are fundamentally or- 
thogonal in applications. That Is, a cell that is to be written 
10,000 times does not require data retention of 10 years 
between writes, unless of course you require that the prod- 
uct operate for 100,000 years. Further, even adjacent cells 
in an EEPROM memory device operate independently from 
each other, so that any given memory location that is updat- 
ed only upon rare occasions can be expected to retain its 
information for long periods, even though adjacent cells are 
being worn out through extended cycling. 


EARLY LIFE I USEFUL WEAROUT 

(DECREASING LIFETIME (INCREASING 

FAILURE I (CONSTANT FAILURE RATE) 

RATE) FAILURE RATE) 


. IMPROVEMENT AHRIBUTED TO REDUCTION 
OF INFANT MORTALITY THROUGH BURN-IN. 


. INFANT MORTALITY FAILURES 

IMPROVE BY ENDURANCE 
SCREENING PRIOR TO TIME = to 


ERASE /WRITE CYCLING 


ERASE /WRITE CYCLING 


FIGURE 16. Improvements Attributed to National Semiconductor’s Endurance Screen 
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Introduction 



GENERAL 

This generic Schottky PROM family by National Semiconductor 
makes available to the industry one of the widest selections in sizes 
and organizations. Four-bit wide PROMs are provided with 256 to 
4096 works in pin compatible 16 and 18 pin dual-in-line packages. 
The 8-bit wide devices range from 32 to 4096 words in a variety of 
packages. Being ‘generic,’ all PROMs share a common programming 
algorithm. 

TITANIUM-TUNGSTEN FUSES 

National’s Programmable Read-Only Memories (PROMs) feature tita- 
nium-tungsten (Ti:W) fuse links designed to program efficiently with 
only 10.5 Volts applied. The high performance and reliability of these 
PROMs are the result of fabrication by a Schottky bipolar process, of 
which the titanium-tungsten metalization is an integral part, and the 
use of an on-chip programming circuit. 

A major advantage of the titanium-tungsten fuse technology is the low 
programming voltage of the fuse links. At 10.5 Volts, this virtually 
eliminates the need for guard-ring devices and wide spacings required 
for other fuse technologies. Care is taken, however, to minimize volt- 
age drops across the die and to reduce parasitics. The device is de- 
signed to ensure that worst-case fuse operating current is low enough 
for reliable long-term operation. The Darlington programming circuit is 
liberally designed to insure adequate power density for blowing the 
fuse links. The complete circuit design is optimized to provide high 
performance over the entire operating ranges of Vcc and tempera- 
ture. 

TESTABILITY 

The Schottky PROM die includes extra rows and columns of fusable 
links for testing the programmability of each chip. These test fuses 
are placed at the worst-case chip locations to provide the highest 
possible confidence in the programming tests in the final product. A 
ROM pattern is also permanently fixed in the additional circuitry and 
coded to provide a parity check of input address levels. These and 
other test circuits are used to test for correct operation of the row and 
column-select circuits and functionality of input and enable gates. All 
test circuits are available at both wafer and assembled device levels 
to allow 100% functional and parametric testing at every stage of the 
test flow. 

RELIABILITY 

As with all National products, the Ti:W PROMs are subjected to an 
on-going reliability evaluation by the Reliability Assurance Depart- 
ment. These evaluations employ accelerated life tests, including dy- 
namic high-temperature operating life, temperature-humidity life, tem- 
perature cycling, and thermal shock. To date, nearly 7.4 million 
Schottky Ti:W PROM device hours have been logged, with samples in 
Epoxy B molded DIP (N-package), PLCC (V-package) and CERDIP (J- 
package). Device performance in all package configurations is excel- 
lent. 



Bipolar PROM Selection Guide 


Non-Registered PROMs 




Organization 

Pins 

(DIP) 

Part 

Number 

tAA 

(Max) In ns 

tEA 

(Max) In ns 

Ice 

(Max) In mA 

32x8 OC 

16 

DM54S188 

45 

30 

110 

32x8 OC 

16 

DM74S188 

35 

20 

110 

32x8 TS 

16 

DM54S288 

45 

30 

110 

32x8 TS 

16 

DM74S288 

35 

20 

110 

32x8 OC 

16 

DM54S188A 

35 

30 

110 

32x8 OC 

16 

DM74S188A 

25 

20 

110 

32x8 TS 

16 

DM54S288A 

35 

30 

110 

32x8 TS 

16 

DM74S288A 

25 

20 

110 

32x8 TS 

16 

PL77X288B 

20 

15 

140 

32x8 TS 

16 

PL87X288B 

15 

12 

140 

256x4 OC 

16 

DM54S387 

60 

30 

130 

256x4 OC 

16 

DM74S387 

50 

25 

130 

256x4 TS 

16 

DM54S287 

60 

30 

130 

256x4 TS 

16 

DM74S287 

50 

25 

130 

256x4 OC 

16 

DM54S387A 

40 

30 

130 

256x4 OC 

16 

DM74S387A 

30 

20 

130 

256x4 TS 

16 

DM54S287A 

40 

30 

130 

256x4 TS 

16 

DM74S287A 

30 

20 

130 

512x4 OC 

16 

DM54S570 

65 

35 

130 

512x4 OC 

16 

DM74S570 

55 

30 

130 

512x4 TS 

16 

DM54S571 

65 

35 

130 

512x4 TS 

16 

DM74S571 

55 

30 

130 

512x4 OC 

16 

DM54S570A 

60 

35 

130 

512x4 OC 

16 

DM74S570A 

45 

25 

130 

512x4 TS 

16 

DM54S571A 

60 

35 

130 

512x4 TS 

16 

DM74S571A 

45 

25 

130 

512x4 TS 

16 

DM54S571B 

50 

35 

130 

512x4 TS 

16 

DM74S571B 

35 

25 

130 

256x8 TS 

20 

DM54LS471 

70 

35 

100 

256x8 TS 

20 

DM74LS471 

60 

30 

100 

512x8 OC 

20 

DM54S473 

75 

35 

155 

512x8 OC 

20 

DM74S473 

60 

30 

155 

512x8 TS 

20 

DM54S472 

75 

35 

155 

512x8 TS 

20 

DM74S472 

60 

30 

155 

512x8 OC 

20 

DM54S473A 

60 

35 

155 

512x8 OC 

20 

DM74S473A 

45 

30 

155 

512x8 TS 

20 

DM54S472A 

60 

35 

155 

512x8 TS 

20 

DM74S472A 

45 

30 

155 

512x8 TS 

20 

DM54S472B 

50 

35 

155 

512x8 TS 

20 

DM74S472B 

35 

25 

155 

512x8 OC 

24 

DM54S475 

75 

40 

170 

512x8 OC 

24 

DM74S475 

65 

35 

170 

512x8 TS 

24 

DM54S474 

75 

40 

170 

512x8 TS 

24 

DM74S474 

65 

35 

170 

512x8 OC 

24 

DM54S475A 

60 

35 

170 

512x8 OC 

24 

DM74S475A 

45 

25 

170 

512x8 TS 

24 

DM54S474A 

60 

35 

170 

512x8 TS 

24 

DM74S474A 

45 

25 

170 

512x8 TS 

24 

DM54S474B 

50 

35 

170 

512x8 TS 

24 

DM74S474B 

35 

25 

170 

1024 x 4 OC 

18 

DM54S572 

75 

45 

140 

1024x4 OC 

18 

DM74S572 

60 

35 

140 

1024x4 TS 

18 

DM54S573 

75 

45 

140 

1024x4 TS 

18 

DM74S573 

60 

35 

140 

1024x4 OC 

18 

DM54S572A 

60 

35 

140 

1024x4 OC 

18 

DM74S572A 

45 

25 

140 

1024x4 TS 

18 

DM54S573A 

60 

35 

140 

1024x4 TS 

18 

DM74S573A 

45 

25 

140 

1024x4 TS 

18 

DM54S573B 

50 

35 

140 

1024x4 TS 

18 

DM74S573B 

35 

25 

140 


Temperature 

Celsius 


+ 125°C 
+ 70”C 
+ 125°C 
+ 70°C 
+ 125°C 
+ 70°C 
+ 125“C 
+ 70°C 
+ 125'C 
+ 70°C 
+ 125°C 
+ 70“C 
+ 125°C 
+ 70°C 
+ 125‘’C 
+ 70°C 
+ 125°C 
+ 70°C 
+ 125°C 
+ 70°C 
+ 125°C 
+ 70°C 
+ 125°C 
+ 70°C 
+ 125°C 
+ 70°C 
H-125”C 
+ 70°C 
+ 125“C 
+ 70°C 
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Non-Registered PROMs (Continued) 

Size 

(Bits) 

Organization 

Pins 

(DIP) 

Part 

Number 

*AA 

(Max) In ns 

tEA 

(Max) in ns 

Ice 

(Max) In mA 

Temperature 

Celsius 

8192 

1024x8 OC 

24 

DM77S180 

75 

35 

170 

-55°Cto +125°C 


1024x8 OC 

24* 

DM77S280 

75 

35 

170 

-55°Cto +125°C 


1024x8 OC 

24 

DM87S180 

55 

30 

170 

0°Cto +70“C 


1024x8 OC 

24* 

DM87S280 

55 

30 

170 

0°Cto +70°C 


1024x8 TS 

24 

DM77S181 

75 

35 

170 

-55°Cto +125°C 


1024x8 TS 

24* 

DM77S281 

75 

35 

170 

-55°Cto +70°C 


1024x8 TS 

24 

DM87S181 

55 

30 

170 

0°Cto +70°C 


1024x8 TS 

24* 

DM87S281 

55 

30 

170 

O'Cto +70°C 


1024x8 TS 

24 

DM77S181A 

65 

35 

170 

-55°Cto +125°C 


1024x8 TS 

24 

DM87S181A 

45 

30 

170 

0°Cto +70°C 


2048x4 OC 

18 

DM77S184 

70 

30 

140 

-55°Cto +125°C 


2048x4 OC 

18 

DM87S184 

55 

25 

140 

0°Cto +70°C 


2048x4 TS 

18 

DM77S185 

70 

30 

140 

-55°Cto +125°C 


2048x4 TS 

18 

DM87S185 

55 

25 

140 

0°Cto +70°C 


2048 X 4 TS 

18 

DM77S185A 

60 

30 

140 

-55°Cto +125°C 


2048x4 TS 

18 

DM87S185A 

45 

25 

140 

0°Cto +70°C 


2048x4 TS 

18 

DM77S185B 

50 

30 

140 

-55°Cto +125°C 


2048x4 TS 

18 

DM87S185B 

35 

25 

140 

0°Cto +70°C 

16384 

2048x8 OC 

24 

DM77S190 

80 

40 


-55°Cto +125°C 


2048x8 OC 

24* 

DM77S290 

80 

40 


-55°Cto +125“C 


2048x8 OC 

24 

DM87S190 

65 

30 

175 

0°Cto +70°C 


2048x8 OC 

24* 

DM87S290 

65 

30 

175 

0°Cto +70°C 


2048x8 TS 

24 

DM77S191 

80 

40 

175 

-55°Cto +125°C 


2048x8 TS 

24* 

DM77S291 

80 

40 

175 

-55°Cto +125°C 


2048x8 TS 

24 

DM87S191 

65 

30 

175 

0°Cto +70°C 


2048x8 TS 

24* 

DM87S291 

65 

30 

175 

0*Cto +70°C 


2048x8 TS 

24 

DM77S191A 

60 

35 

175 

-55*Cto +125*C 


2048x8 TS 

24 

DM87S191A 

45 

30 

175 

O'Cto +70°C 


2048 X 8 TS 

24 

DM77S191B 

50 

30 

175 

-55°C to +125°C 


2048x8 TS 

24 

DM87S191B 

35 

25 

175 

0°Cto +70”C 


2048x8 TS 

24* 

DM77S291A 

60 

35 

175 

-55°Cto +125'’C 


2048x8 TS 

24* 

DM87S291A 

45 

30 

175 

O'Cto +70°C 


2048x8 TS 

24* 

DM77S291B 

50 

30 

175 

-55°Cto +125°C 


2048x8 TS 

24* 

DM87S291B 

35 

25 

175 

0°Cto +70°C 


4096x4 TS 

20 

DM77S195A 

60 

35 

170 

-55°Cto +125°C 


4096x4 TS 

20 

DM87S195A 

45 

25 

170 

0°Cto+70°C 


4096x4 TS 

20 

DM77S195B 

50 

30 

170 

-55°Cto +125°C 


4096x4 TS 

20 

DM87S195B 

35 

25 

170 

0°Cto +70°C 

32768 

4096x8 TS 

■■ 

DM77S321 

65 

35 

185 

-55°Cto +125°C 


4096x8 TS 


DM87S321 

55 

30 

185 

0°Cto +70°C 


4096x8 TS 

24* 

DM77S421 

65 

35 

185 

-55°Cto +125°C 


4096x8 TS 

24* 

DM87S421 

55 

30 

185 

0°Cto +70°C 

•—24 Pin Narrow Dual-ln-Line Package 
































Registered PROMs 


Size 

(Bits) 

Organization 

Pins 

(DIP) 

Part 

Number 

*SA 

(Min) in ns 

tpLH (CLK) 
tpHL(CLK) 
(Max) In ns 

Ice 

(Max) In mA 

Temperature 

Celsius 

4096 

512x8 REG 

— 

DM77SR474 

55 

30 

185 

-55“Cto +125*C 


512x8 REG 


DM77SR474B 

40 

25 

185 

-55*Cto +125°C 


512x8 REG 

24* 

DM87SR474 

50 

27 

185 

O'Cto +70°C 


512x8 REG 

24* 

DM87SR474B 

35 

20 

185 

0°CtO +70°C 


512x8 REG 

24* 

DM77SR476 

55 

30 

185 

-55*Cto +125°C 


512x8 REG 

24* 

DM77SR476B 

40 

25 

185 

-55*Cto +125°C 


512x8 REG 

24* 

DM77SR25 

55 

30 

185 

-55“Cto +125*C 


512x8 REG 

24* 

DM77SR25B 

40 

25 

185 

-55*Cto +125°C 


512x8 REG 

24* 

DM87SR476 

55 

27 

185 

0°Cto +70°C 


512x8 REG 

24* 

DM87SR476B 

35 

20 

185 

0“CtO +70*C 


512x8 REG 

24* 

DM87SR25 

50 

27 

185 

O'Cto +70°C 


512x8 REG 

24* 

DM87SR25B 

35 

20 

185 

0°Cto +70°C 

8192 

1024x8 REG 


DM77SR181 

50 

30 


-55°Cto +125*C 


1024x8 REG 


DM87SR181 

40 

20 


O'Cto +70*C 


1024x8 REG 

24* 

DM77SR183 

45 

30 


-55*Cto +125°C 


1024x8 REG 

24* 

DM87SR183 

40 

25 


0°Cto +70°C 


1024x8 REG 

24* 

DM77SR183B 

40 

25 

185 

-55*Cto +125“C 


1024x8 REG 

24* 

DM87SR183B 

35 

20 

185 

0*Cto +70°C 


2048x4 REG 

24* 

DM77SR191** 

18 

15 

195 

-55°Cto +125°C 


2048x4 REG 

24* 

DM87SR191** 

25 

10 

190 

O'Cto +70°C 


2048 X 4 REG 

24* 

DM77SR193** 

18 

15 

190 

-55‘Cto +125°C 


2048x4 REG 

24* 

DM87SR193** 

25 

10 

190 

0“Cto +70°C 


Absolute Maximum Ratings (Note i) Operating Conditions 


Supply Voltage (Note 2) 

-0.5 to +7.0V 


Min 

Max 

Units 

Input Voltage (Note 2) 

-1.2 to +5.5V 

Supply Voltage (Vcc) 
Military 

4.50 

5.50 

V 

Output Voltage (Note 2) 

-0.5 to +5.5V 

Commercial 

4.75 

5.25 

V 

Storage Temperature 

-65 to +150*C 

Ambient Temperature (T/\) 




Lead Temperature (10 seconds) 

300”C 

Military 

-55 

+ 125 

°c 

•-24 Pin Narrow Dual Inline Package 


Commercial 

0 

+ 70 

°c 

•• To be released June 1987. 


Logical “0” Input Voltage 

0 

0.8 

V 



Logical “1” Input Voltage 

2.0 

5.5 

V 

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not 

mean that the device may be operated at 


these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 
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DM54/74S188, DM54/74S288 



National 

Semiconductor 

Corporation 


DM54/74S188, DM54/74S288 
(32 X 8) 256-Bit TTL PROMs 


General Description 

These Schottky memories are organized in the popular 32 
words by 8 bits configuration. A memory enable Input is pro- 
vided to control the output states. When the device is en- 
abled, the outputs represent the contents of the selected 
word. When disabled, the 8 outputs go to the “OFF” or high 
impedance state. The memories are available in both open- 
collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected location 
by following the programming instructions. 


Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access — 22 ns typ 
Enable access — 15 ns typ 
Enable recovery— 1 5 ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFETm programming 



Military 

Commerciai 

Open- 

Collector 

TRI-STATE 

Package 

DM74S188 


X 

X 


N,J, V 

DM74S288 


X 


X 

N,J,V 

DM54S188 

X 


X 


J 

DM54S288 

X 



X 

J 


Block and Connection Diagram 




Top View 


Order Number DM54/74S188J, 
288J, DM74S188N, 288N, 188V, 288V 
See NS Package Number 
J16A, N16A orV20A 
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DC Electrical Characteristics (Note d 


Symbol 

Parameter 

Conditions 

DM54S188/288 

DM74S188/288 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

l|L 

Input Load Current 

Vcc = Max. ViN = 0.45V 


-80 

-250 


-80 

-250 

(lA 

l|H 

Input Leakage Current 

Vcc = Max, ViN = 2.7V 



25 



25 

fiA 

Vcc = Max, V|N = 5.5V 



1.0 



1.0 

mA 

VoL 

Low Level Output Voltage 

Vcc “ Min, Iql = 16 mA 


0.35 

0.50 


0.35 

0.45 


V|L 

Low Level Input Voltage 




0.80 



0.80 

B 

V|H 

High Level Input Voltage 





wm 



n 

loz 

Output Leakage Current 
(Open-Collector Only) 

Vcc “ Max, VcEX = 2.4V 



50 



50 

IxA 

Vcc = Max, VcEX = 5.5V 



100 



100 

JU.A 

Vc 

Input Clamp Voltage 

Vcc = Min, I|N ~ “18 mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C| 

Input Capacitance 

Vcc = 5.0V, V|N = 2.0V 
Ta = 25C. 1 MHz 






■ 

PF 

Co 

Output Capacitance 

Vcc = 5.0V, Vo = 2.0V 
Ta = 25C, 1 MHz, Outputs Off 


6.0 

■ 



■ 

PF 

Icc 

Power Supply Current 

Vcc = Max, Input Grounded 
All Outputs Open 


70 

110 


70 

110 

mA 


TRI-STATE Parameters 


Iqs 

Short Circuit 
Output Current 

Vq = OV, Vcc — Max 
(Note 2) 

-20 

m 

-70 

-20 

■ 

-70 

mA 

loz 

Output Leakage 
(TRI-STATE) 

Vcc = Max, Vo = 0.45V to 2.4V 
Chip Disabled 



-f50 



-f50 

jiA 



-50 



-50 

fiA 

VoH 

Output Voltage High 

Iqh = “2.0 mA 


3.2 





V 

Iqh — — 6.5 mA 




Bl 

3.2 


V 


AC Electricai Characteristics With Standard Load and Operating Conditions 


Symbol 

JEDEC Symbol 

Parameter 

DM54S1 88/288 

DM74S1 88/288 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

TAVQV 

Address Access Time 


22 

45 


22 

35 

ns 

TEA 

TEVQV 

Enable Access Time 


15 

30 


15 

20 

ns 

TER 

TEXQX 

Enable Recovery Time 


15 

35 


15 

25 

ns 

TZX 

TEVOX 

Output Enable Time 


15 

30 


15 

20 

ns 

TXZ 

TEXOZ 

Output Disable Time 


15 

35 


15 

25 

ns 


Note 1: These limits appiy over the entire operating range unless otherwise noted. All typical values are for Vcc = 5-OV and = 25‘C. 
Note 2: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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DM54S188A,DM74S188A,DM54S288A,DM74S288A 



National 

Semiconductor 

Corporation 


DM54/74S188A, DM54/74S288A (32 x 8) 
256-Bit TTL PROMs 


General Description 

These Schottky memories are organized in the popular 32 
words by 8 bits configuration. A memory enable input is pro- 
vided to control the output states. When the device is en- 
abled, the outputs represent the contents of the selected 
word. When disabled, the 8 outputs go to the “OFF” or high 
impedance state. The memories are available in both open- 
collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected location 
by following the programming instructions. 


Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access — 17 ns typ 
Enable access— -1 5 ns typ 
Enable recovery— 15 ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFETm programming 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM74S188A 


X 

X 


N,J 

DM74S288A 


X 


X 

N,J 

DM54S188A 

X 


X 


J 

DM54S288A 

X 



X 

J 


Block and Connection Diagrams 



Dual-ln-Llne Package 



Top View 

Order Number DM54S188AJ, DM54S288AJ, 
DM74S188AJ, N, or DM74S288AJ, N 
See NS Package Number J16A or N16A 
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Absolute Maximum Ratings (Notei) 

Specifications for Military/Aerospace products are not 
contained in this datasheet. Refer to the associated 
reliability electrical test specifications document. 
Supply Voltage (Note 2) -0.5V to + 7.0V 

Input Voltage (Note 2) - 1 .2V to + 5.5V 

Output Voltage (Note 2) - 0.5V to + 5.5V 

Storage Temperature -65°Cto +150°C 

Lead Temp. (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics (Notes) 


Symbol 

Parameter 

II 

Input Load Current 

l|H 

Input Leakage Current 

VoL 

Low Level Output Voltage 

V|L (Note 4) 

Low Level Input Voltage 

V|H (Note 4) 

High Level Input Voltage 

loz 

Output Leakage Current 
(Open-Collector Only) 

Vc 

Input Clamp Voltage 

Cl 

Input Capacitance 

Co 

Output Capacitance 

Icc 

Power Supply Current 


TRI-STATE Parameters 


Short Circuit 
Output Current 


Output Leakage 
(TRI-STATE) 


Output Voltage High 


Operating Conditions 

Min 

Supply Voltage (Vcc) 

Military 4.50 

Commercial 4.75 

Ambient Temperature (Ta) 

Military -55 

Commercial 0 

Logical “0” Input Voltage 0 

Logic “ 1 ” Input Voltage 2.0 


DM54S188A/288A DM74S188A/288A 



Vcc = Max. V|N = 0.45V 


Vcc = Max, V|N = 2.7V 


Vcc = Max, V|N = 5.5V 



Vcc 

= Max, VcEX “ 2.4V 

Vcc 

= Max, VcEx ~ 5.5V 

Vcc 

= Min, l||M = -18 mA 

Vcc 

= 5.0, ViN = 2.0V 

Ta = 

25C, 1 MHz 

Vcc 

= 5.0V, Vo = 2.0V 

Ta = 

25C, 1 MHz, Outputs Off 

Vcc 

= Max, Inputs Grounded 

I All Outputs Open 


Vq = OV, Vcc “ Max 
(Note 5) 


Vcc = Max, Vo = 0.45 to 2.4V 
Chip Disabled 


Iqh = ~2.0 mA 


Iqh “ —6.5 mA 


-70 

-20 


-70 

mA 

+ 50 



+ 50 

juA 

-50 



-50 

juA 


AC Electrical Characteristics (With Standard Load and Operating Conditions) 


DM54S188A/288A 


Min 


Symbol 

Parameter 

JEDEC Symbol 

TAA 

Address Access Time 

TAVQV 

TEA 

Enable Access Time 

TEVQV 

TER 

Enable Recovery Time 

TEXQX 

TZX 

Output Enable Time 

TEVQX 

TXZ 

Output Disable Time 

TEXQZ 


Typ 

Max 

17 

35 

15 

30 

15 

30 

15 

30 

15 

30 


DM74S188A/288A 


Min 


Typ 

Max 

17 

25 

15 

20 

15 

20 

15 

20 

15 

20 


Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be operated at 
these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc = 5-OV and Ta = 25C. 

Note 4: These are absolute voltages with respect to pin 8 on the device and include all overshoots due to system and/or tester noise. Do not attempt to test these 
values without suitable equipment. 

Note 5: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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PL77X288B/PL87X288B 



National 

Semiconductor 

Corporation 


PL77X288B/PL87X288B 

(32 X 8) 256-Bit TTL Logic PROMs 


General Description 

These Schottky programmable logic devices are organized 
in the popular 32 words by 8-bit configuration. An enable 
input is provided to control the output states. When the de- 
vice is enabled, the outputs represent the contents of the 
selected word. When disabled, the 8 outputs go to the OFF 
or high impedance state. The memories are available in the 
TRI-STATE® version only. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected location 
by following the programming instructions. 


Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access — 10 ns typ 
Enable access — 8 ns typ 
Enable recovery — 8 ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed 
over temperature 

■ Low voltage TRI-SAFE™ programming 

■ > 2000V input protection for electrostatic discharge 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

PL87X288 


X 


X 

N, J,V 

PL77X288 

X 



X 

J 


Block and Connection Diagrams 



Q7 Q6 Q5 Q4 Q3 Q2 Q1 QO 


TL/L/6747-1 

Dual-ln-Line Package 


QO- 

1 

16 

Q1- 

2 

15 

Q2- 

3 

14 

Q3- 

4 

13 

Q4- 

5 

12 

A5- 

6 

11 

Q6- 

7 

10 

GND- 

8 

9 


Top View 


TL/L/6747-2 


Order Number PL77X288/PL87X288J, PL87X288N or PL87X288V 
See NS Package Number J16A, N16A or V20A 
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Absolute Maximum Ratings (Note i) Operating Conditions 

If Military/Aerospace specified devices are required, Min 

contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 

Distributors for availability and specifications. PL77X288 4.50 

Supply Voltage (Note 2) - 0.5V to + 7.0V PL87X288 4.75 

Input Voltage (Note 2) - 1 .2V to + 5.5V Ambient Temperature (Ta) 

Output Voltage (Note 2) -0.5V to 5.5V PL77X288 -55 

Storage Temperature -65-0 to + 1 50”C PL87X288 0 

Lead Temperature (Soldering, 1 0 seconds) 300“C Voltage 0 

Static Discharge Voltage >2001 V ® k a 

(per Mil-Std-883 Method 3015.2) 

Max Units 

5.50 V 

5.25 V 

-M25 °C 

+ 70 °C 

0.8 V 

5.5 V 

DC Eiectrical Characteristics (Notes) 









Symbol 

Parameter 

Conditions 

PL77X288 

PL87X288 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

l|L 

Input Load Current 

Vcc — Max, V|fg = 0.4V 


-80 

-250 


-80 

-250 

juA 

l|H 

Input Leakage Current 

Vcc = Max, V|N = 2.7V 



25 



25 

fiA 



Vcc — Max, V|N = 5.5V 



1.0 



1.0 

mA 

VoL 

Low Level Output 
Voltage 

Vcc = Min, Iql = 24 mA (Com) 
Iql = 12 mA (Mil) 


0.35 

0.50 


0.35 

0.50 

V 

V|L 

Low Level Input 
Voltage 

(Note 7) 



0.80 



0.80 

V 

V|H 

High Level Input 
Voltage 

(Note 7) 

2.0 



2.0 



V 

Vc 

Input Clamp Voltage 

Vcc = Min, l|N = -18 mA 


-0.8 

-1.5 


-0.8 

-1.5 

V 

C| 

Input Capacitance 

Vcc = 5.0V, ViN = 2.0V 
Ta = 25°C, 1 MHz 


4.0 



4.0 


PF 

Co 

Output Capacitance 

Vcc = 5.0V, Vo = 2.0V 
Ta = 25°C, 1 MHz, Outputs Off 


6.0 



6.0 


PF 

Icc 

Power Supply Current 

Vcc = Max, Input Grounded 
All Outputs Open 


110 

140 


110 

140 

mA 

TRI-STATE 

>os 

Short Circuit 
Output Current 

Vo = OV, Vcc — Max 
(Note 4) 

-30 


-130 

-30 


-130 

mA 

loz 

Output Leakage 
(TRI-STATE) 

Vcc = Max, Vo = 0.4V to 2.4V 
Chip Disabled 



100 

-100 



100 

-100 

juA 

VOH 

Output Voltage High 

loH — ~2.0 mA 

2.4 

3.2 





V 



lOH = “ 3-2 mA 




2.4 

3.2 


V 
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PL77X288B/PL87X288B 


AC Electrical Characteristics with standard load and operating conditions 


PL77X288 


Symbol 

Parameter 

JEDEC Symbol 

tAA 

Address Access Time (Note 5) 

TAVQV 

tEA 

Enable Access Time (Note 5) 

TEVQV 

tER 

Enable Recovery Time (Note 6) 

TEXQX 

tzx 

Output Enable Time (Note 5) 

TEVQX 

txz 

Output Disable Time (Note 6) 

TEXQZ 



Typ 

Max 

10 

20 

8 

15 

8 

15 

8 

15 

8 

15 



Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be operated at 
these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming parameters. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc = 5.0V and Ta = 25'C. 

Note 4: During Iqs measurement, only one output at a time should be grounded. Permanent damage may othenvise result. 

Note 5: Cl = 50 pF. 

Note 6: Cl = 5 pF. 

Note 7: These are absolute voltages with respect to the ground pin on the device and includes all overshoots due to system and/or tester noise. Do not attempt to 
test these values without suitable equipment. 


Approved Programmers 


Manufacturer 

DATA I/O 

PRO-LOG 

KONTRON 

STAG 

AIM 

DIGELEC 


System # 

5/17/19/29A 

M910, M980 

MPP80S 

PPX 

RP400 

UP803 
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Nabonal 

Semiconductor 

Corporation 


DM54/74S387A, DM54/74S287A (256 x 4) 
1024-Bit TTL PROMs 


General Description 

These Schottky memories are organized in the popular 256 
words by 4 bits configuration. Memory enable inputs are 
provided to control the output states. When the device is 
enabled, the outputs represent the contents of the selected 
word. When disabled, the 4 outputs go to the “OFF” or high 
impedance state. The memories are available in both open- 
collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected location 
by following the programming instructions. 


Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access — 20 ns typ 
Enable access— -15 ns typ 
Enable recovery— 1 5 ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFEtm programming 

■ > 2000V input protection for electrostatic discharge 


Commercial 



DM54S387A 


DM54S287A 



Open- 

Collector 


TRI-STATE 


Block and Connection Diagrams 


1024-BIT ARRAY 
32x32 

MEMORY MATRIX 


MUX I— MUX M MUX 


Ha 


Q4 Q3 Q2 


Package 


Dual-ln-Llne-Package 



Top View 

Order Number DM54S287AJ, 
DM54S387AJ, 

DM74S287AJ, 287AN, 287AV, 
DM74S387AJ, 387AN, 387AV 
See NS Packages J16A, N16A or 
V20A 
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DM54S387A, DM74S387A, DM54S287A, DM74S287A 


Absolute Maximum Ratings (Notei) 

Specifications for Miiitary/ Aerospace products are not 
contained in this datasheet. Refer to the associated 
reiiabiiity eiectricai test specifications document. 
Supply Voltage (Note 2) —0.5 to + 7.0V 

Input Voltage (Note 2) - 1 .2V to + 5.5V 

Output Voltage (Note 2) -0.5V to + 5.5V 

Storage Temperature -65°Cto +150°C 

Lead Temp. (Soldering, 1 0 seconds) 300°C 

Static Discharge Voltage >2001 V 

(per MIL-STD-883 Method 3015.2) 

ESD rating to be determined. 

DC Electrical Characteristics (Note 3) 


Conditions 


Vcc Max, V|N = 0.45V 


Vcc=Max, V|n = 2.7V 


Vcc = Max, V|n = 5.5V 


Vcc— Min, Iol= 16 mA 


Vcc ’ Max, VcEX = 2.4V 


Vcc = Max, VcEX = 5.5V 


Vcc— Min, l|(si= —18 mA 


Vcc = 5.0. V|N = 2.0V 
Ta = 25C, 1MHz 


Vcc = 5.0 V, Vo = 2.0 V 
Ta = 25C, 1 MHz, Outputs Off 


Vcc = Max, Inputs Grounded 
All Outputs Open 




Vo = 0V,Vcc = Max 
(Note 5) 


Vcc = Max, Vo = 0.45 to 2.4V 
Chip Disabled 


loH~ —2.0 mA 


loH~ —6.5 mA 


Operating Conditions 

Min 

Supply Voltage (Vcc) 

Military 4.50 

Commercial 4.75 

Ambient Temperature (Ta) 

Military -55 

Commercial 0 

Logical “0” Input Voltage 0 

Logic “1 ” Input Voltage 2.0 


Symbol 

Parameter 

l|L 

Input Load Current 

l|H 

Input Leakage Current 

VoL 

Low Level Output Voltage 

V|L (Note 4) 

Low Level Input Voltage 

V|H (Note 4) 

High Level Input Voltage 

Iqz 

Ouput Leakage Current 
(Open-Collector Only) 

Vc 

Input Clamp Voltage 

C| 

Input Capacitance 

Co 

Output Capacitance 

Icc 

Power Supply Current 


DM54S387A/287A 


DM74S387A/287A 






TRI-STATE Parameters 


Iqs Short Circuit 



Output Current 


Output Leakage 
(TRI-STATE) 


Output Voltage High 



AC Eiectricai Characteristics (With Standard Load and Operating Conditions) 


Symbol 

Parameter 

JEDEC Symbol 

Taa 

Address Access Time 

TAVQV 

Tea 

Enable Access Time 

TEVQV 

Ter 

Enable Recovery Time 

TEXQX 

Tzx 

Output Enable Time 

TEVQX 

Txz 

Output Disable Time 

TEXQZ 


DM54S387A/287A 


Min 



Typ 

Max 

20 

40 

15 

30 

15 

30 

15 

30 

15 

30 


DM74S387A/287A 


Min 



Typ 

Max 

20 

30 

15 

20 

15 

20 

15 

20 

15 

20 



Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be operated at 
these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc = 5 0V and Ta = +25°C. 

Note 4: These are absolute voltages with respect to pin 8 on the device and include ali overshoots due to system and/or tester noise. Do not attempt to test these 
values without suitable equipment. 

Note 5: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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National 

Semiconductor 

Corporation 


DM54/74S387, DM54/74S287 
(256 X 4) 1024-Bit TTL PROMs 


General Description 

These Schottky memories are organized in the popular 256 
words by 4 bits configuration. Memory enable inputs are 
provided to control the output states. When the device is 
enabied, the outputs represent the contents of the selected 
word. When disabled, the 4 outputs go to the "OFF” or high 
impedance state. The memories are available in both open- 
collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected location 
by following the programming instructions. 


Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access — 35 ns typ 
Enable access — 1 5 ns typ 
Enable recovery — 1 5 ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over tempera- 
ture 

■ Low voltage TRI-SAFETm programming 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM74S387 


X 

X 


N.J.V 

DM74S287 


X 


X 

N,J,V 

DM54S387 

X 


X 


J 

DM54S287 

X 



X 

J 


Block and Connection Diagram 


A3 

A2 

At 

AO 

n 

El 



GATE 


TL/L/9188-1 


A6 - 


ISvcc 

A5 


15 A7 

A4-i 


15 El 

A3 — 


15 El 

AO^ 


12 

- 01 

A,1 


- 02 

AZ-^ 


? 03 

GND — 


- 04 


TL/L/9188-2 


Top View 

Order Number DM54/74S387J, 
DM54/74S287J, DM74S387N, 
DM74S387V, DM74S287N or 
DM74S287V 

See NS Package Number 
J16A,N16AorV20A 
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DM54/74S387, DM54/74S287 


DC Electrical Characteristics (NoteD 


Symbol 

Parameter 

Conditions 

DM54S387/287 

DM74S387/287 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

l|L 

Input Load Current 

Vcc = Max, V|N = 0.45V 


-80 

-250 


-80 

-250 

JU.A 

l|H 

Input Leakage Current 

Vcc = Max, V|N = 2.7V 



25 



25 

/liA 

Vcc = Max, V|N = 5.5V 



1.0 



1.0 

mA 

VoL 

Low Level Output Voltage 

Vcc ~ Min, Iql = 16 mA 


0.35 

0.50 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 






V 

loz 

Output Leakage Current 
(Open-Collector Only) 

Vcc = Max, VcEX = 2.4V 



50 



50 

)j,A 

Vcc = Max, VcEX ’ 5.5V 



100 



100 

nA 

Vc 

Input Clamp Voltage 

Vcc ~ Min, l|N = —18 mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C| 

Input Capacitance 

Vcc = 5.0, V|N = 2.0V 
Ta = 25°C, 1 MHz 


4.0 

■ 



■ 

PF 

Co 

Output Capacitance 

Vcc = 5.0V, Vo = 2.0V 
Ta = 25°C, 1 MHz, Outputs Off 



■ 


6.0 

■ 

PF 

Icc 

Power Supply Current 

Vcc = Max, Inputs Grounded 
All Outputs Open 


80 

130 


80 

130 

mA 


TRI-STATE Parameters 


los 

Short Circuit 
Output Current 

Vo = OV, Vcc = Max 
(Note 2) 

-20 

m 

-70 

-20 

m 

-70 

mA 

loz 

Output Leakage 
(TRI-STATE) 

Vcc = Max, Vo = 0.45V to 2.4V 
Chip Disabled 



+ 50 



+ 50 

fiA 



-50 



-50 

P’A 

Vqh 

Output Voltage High 

lOH = “2.0 mA 

m 

3.2 





V 

lOH ~ —6.5 mA 




BM 

3.2 


V 


Note 1: These limits apply over the entire operating range uniess otherwise noted. All typical values are for Vcc “ 5.0V and Ta = 25'C. 
Note 2: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise resuit. 


AC Electrical Characteristics With Standard Load and Operating Conditions 


Symbol 

JEDEC Symbol 

Parameter 

DM54S387/287 

DM74S387/287 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

TAVQV 

Address Access Time 


35 

60 


35 

50 

ns 

TEA 

TEVQV 

Enable Access Time 


15 

30 


15 

25 

ns 

TER 

TEXQX 

Enable Recovery Time 


15 

30 


15 

25 

ns 

TZX 

TEVQX 

Output Enable Time 


15 

30 


15 

25 

ns 

TXZ 

TEXQZ 

Output Disable Time 


15 

30 


15 

25 

ns 
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DM54/74S570, DM54/74S571, DM54/74S570A, 
DM54/74S571A, DM54/74S571B 
(512 X 4) 2048-Bit TTL PROMs 


General Description 

These Schottky memories are organized in the popular 512 
words by 4 bits configuration. A memory enable input is pro- 
vided to control the output states. When the device is en- 
abled, the outputs represent the contents of the selected 
word. When disabled, the 4 outputs go to the "OFF” or high 
impedance state. The memories are available in both open- 
coilector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected location 
by following the programming instructions. 


Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 30 ns typ 
Enable access — 15 ns typ 
Enable recovery— 1 5 ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over tempera- 
ture 

■ Low voltage TRI-SAFEtm programming 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM74S570 


X 

X 


N, J,V 

DM74S571 


X 


X 

N, J,V 

DM54S570 

X 


X 


J 

DM54S571 

X 



X 

J 


Block and Connection Diagrams 



TL/L/9189-1 


A6-^ 


-Vcc 

AS — 


!5a7 

A4l 


12 AB 

A3-1 


12 Ei 

AO — 


-01 

All 


-02 

A2i 


-03 

GNO 1 


1q4 


TL/L/9189-a 

Top View 

Order Number DM54/74S570J, DM54/74S571J, 
DM74S570N, DM74S571N, DM74S570Vor DM74S571V 
See NS Package Number J16A, N16A or V20A 



3-19 


DM54/74S570, DM54/74S570A, DM54/74S571, DM54/74S571A, DM54/74S571B 

















DM54/74S570, DM54/74S570A, DM54/74S571, DM54/74S571A, DM54/74S571B 


DC Electrical Characteristics (Notei) 

Symbol Parameter Conditions 

IL Input Load Current Vcc = Max, Vin = 0.45V 

IH Input Leakage Current Vcc = Max, V|n = 2.7V 

Vcc = Max, V|N = 5.5V 


DM54S570/571 


DM74S570/571 


Vcc = Max, VcEX ^ 2.4V 
Vcc ~ Max, VcEX ~ 5.5V 
Vcc “ Min, liN ~ “18 mA 

Vcc = 5.0, V|N = 2.0V 

Ta = 25°C, 1 MHz 

Vcc = 5.0V, Vo = 2.0V 
Ta = 25°C, 1 MHz, Outputs Off 

Vcc = Max, Input Grounded 
Ail Outputs Open 


os Short Circuit Vo = OV, Vcc = Max 

Output Current (Note 2) 

oz Output Leakage Vcc == Max, Vo = 0.45V to 2.4V 

(TRI-STATE) Chip Disabled 

^OH Output Voltage High Iqh = -2.0 mA 

Iqh = - 6.5 mA 

Note 1: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc “ 5.0V and Ta = 25'C. 
Note 2: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise resuit. 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 


DM54S570/571 


Symbol JEDEC Symbol Parameter . 

Min 

TAA TAVQV Address Access Time 

TEA TEVQV Enable Access Time 

TER TEXQX Enable Recovery Time 

TZX TEVQX Output Enable Time 

TXZ TEXQZ Output Disable Time 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

- 771 TTITI IT I Z ] DM54S571A, B/570A 

symbol I JEDEC Symbol | Parameter — — 

Min 


DM74S570/571 



Typ 

Max 


40 

65 


20 

35 


20 

35 


20 

35 


20 

35 


TAVQV 571A/570A Address Access Time 

571 B 

TEVQV Enable Access Time 

TEXQX Enable Recovery Time 

TEVQX Output Enable Time 

TEXQZ Output Disable Time 


Typ 

Max 

30 

60 

30 

50 

15 

35 

15 

35 

15 

35 

15 

35 


DM74S571A, B/570A 


Typ 


30 


30 


15 


15 


15 


15 
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Semiconductor 

Corporation 


DM54/74LS471 

(256 X 8) 2048-Bit TTL PROMs 


General Description 

These Schottky memories are organized in the popular 256 
words by 8 bits configuration. Memory enable inputs are 
provided to control the output states. When the device is 
enabled, the outputs represent the contents of the selected 
word. When disabled, the 8 outputs go to the “OFF” or high 
impedance state. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected location 
by following the programming instructions. 


Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 40 ns typ 
Enable access — 15 ns typ 
Enable recovery— 1 5 ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over tempera- 
ture 

■ Low voltage TRI-SAFEtm programming 



Block and Connection Diagrams 



TL/L/9190-1 DM74LS471J, DM74LS471N 


orDM74LS471V 
See NS Package Number 
J20A, N20Aor V20A 
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DM54/74LS471 

























DC Electrical Characteristics (Note i> 


Symbol 

Parameter 

l|L 

Input Load Current 

l|H 

Input Leakage Current 

VoL 

Low Level Output Voltage 

VlL 

Low Level Input Voltage 

V|H 

High Level Input Voltage 

Vc 

Input Clamp Voltage 

C| 

Input Capacitance 

Co 

Output Capacitance 

Ice 

Power Supply Current 



TRI-STATE Parameters 


Iqs 

Short Circuit 
Output Current 

Vq = OV, Vcc “ 
(Note 2) 

-20 

m 

>OZ 

Output Leakage 
(TRI-STATE) 

Vcc = Max, Vo = 0.45V to 2.4V 
Chip Disabled 





VoH 

Output Voltage High 

lOH ~ ~2.0 mA 

m 

3.2 

lOH ~ ~ 6.5 mA 






AC Electrical Characteristics (With Standard Load and Operating Conditions) 


Symbol 

JEDEC Symbol 

Parameter 

DM54LS471 

DM74LS471 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

TAVQV 

Address Access Time 


45 

70 


40 

60 

ns 

TEA 

TEVQV 

Enable Access Time 


15 

35 


15 

30 

ns 

TER 

TEXQX 

Enable Recovery Time 


15 

35 


15 

30 

ns 

TZX 

TEVQX 

Output Enable Time 


15 

35 


15 

30 

ns 

TXZ 

TEXQZ 

Output Disable Time 


15 

35 


15 

30 

ns 


Note 1: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc = 5.0V and Ta = 25°C. 
Note 2: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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DM54/74S473, DM54/74S472, DM54/74S473A, 
DM54/74S472A, DM54/74S472B 
(512x8) 4096-Bit TTL PROMs 


General Description 

These Schottky memories are organized in the popular 512 
words by 8 bits configuration. A memory enable input is pro- 
vided to control the output states. When the device is en- 
abled, the outputs represent the contents of the selected 
word. When disabled, the 8 outputs go to the "OFF” or high 
impedance state. The memories are available in both open- 
collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected location 
by following the programming instructions. 


Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 25 ns typ 
Enable access — 15 ns typ 
Enable recovery— 15 ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFEtm programming 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM74S473 


X 

X 


N,J,V 

DM74S472 


X 


X 

N, J,V 

DM54S473 

X 


X 


J 

DM54S472 

X 



X 

J 


Block and Connection Diagrams 




TL/L/9191-1 Order Number DM54/74S472AJ, 
472BJ, DM74S472AN, DM74S472AV, 
DM74S472BN, DM74S472BV, 
DM74S472N, DM74S472V, 
DM74S473AN, DM74S473AV, 
DM74S473N or DM74S473V 
See NS Package Number J20A, 
N20A or V20A 
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DM54/74S473, DM54/74S472, DM54/74S473A, DM54/74S472A, DM54/74S472B 


















DM54/74S473, DM54/74S472, DM54/74S473A, DM54/74S472A, DM54/74S472B 


DC Electrical Characteristics (Notei) 

Symbol Parameter Conditioi 


DM54S473/472 


DM74S473/472 


Input Load Current 

Input Leakage Current 

Low Level Output Voltage 
Low Level Input Voltage 
High Level Input Voltage 

Output Leakage Current 
(Open-Collector Only) 

Input Clamp Voltage 
Input Capacitance 

Output Capacitance 

Power Supply Current 


TRI-STATE Parameters 


Conditions 

Vcc ~ Max, V||M = 0.45V 
Vcc = Max, V|N = 2.7V 
Vcc ~ Max, V|N = 5.5V 
Vcc “ Min, Iql =16 mA 


Vcc Max, VcEX — 2.4V 

Vcc ~ Max, VcEX ~ 5-5V 

Vcc ~ Min, l|N = —18 mA 

Vcc 5.0, V|N = 2.0V 

Ta = 25°C, 1 MHz 

Vcc = 5.0V, Vo = 2.0V 
Ta = 25°C, 1 MHz, Outputs Off 

Vcc = Max, Input Grounded 
All Outputs Open 

Vo = OV, Vcc = Max 

(Note 2) 

Vcc = Max, Vo = 0.45V to 2.4V 
Chip Disabled 


/oh Output Voltage High Iqh = -2.0 mA 

loH ~ ~ 6.5 mA 

Note 1: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc = 5.0V and Ta = 25“C. 
Note 2: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

AC Electrical Characteristics With Standard Load and Operating Conditions 
I irrvrr^ I DM54S472/473 


TAA TAVQV Address Access Time 

TEA TEVQV Enable Access Time 

TER TEXQX Enable Recovery Time 

TZX TEVQX Output Enable Time 

TXZ TEXQZ Output Disable Time 

AC Eiectrical Characteristics With Standard Load and Operating Conditions 

Symbol JEDEC Symbol Parameter DM54S473A/472A, B 

Min 


los 

Short Circuit 
Output Current 

•oz 

Output Leakage 
(TRI-STATE) 

Vqh 

Output Voltage High 



1 

■yp 

Max 


40 

75 


15 

35 


15 

35 


15 

35 


15 

35 


DM74S472/473 | 

Min 

Typ 

Max I 




Symbol 

JEDEC Symbol 

TAA 

TAVQV 

473A/472A 



472B 

TEA 

TEVQV 

473A/472A 



472B 

TER 

TEXQX 

473A/472A 



472B 

TZX 

TEVQX 

473A/472A 



472B 

TXZ 

TEXQZ 

473A/472A 



472B 



Typ 

Max 


25 

60 


25 

50 


15 

35 


15 

35 


15 

35 


15 

35 


15 

35 


15 

35 


15 

35 


15 

35 


DM74S473A/472A, B | 

Min 

Typ 

Max 1 
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DM54/74S475, DM54/74S474; DM54/74S475A, 
DM54/74S474A; DM54/74S474B 
(512 X 8) 4096-Bit TTL PROMs 


General Description 

These Schottky memories are organized in the popular 512 
words by 8 bits configuration. Memory enable inputs are 
provided to control the output states. When the device is 
enabled, the outputs represent the contents of the selected 
word. When disabled, the 8 outputs go to the "OFF” or high 
impedance state. The memories are available in both open- 
collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected location 
by following the programming instructions. 


Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access — 25 ns typ 
Enable access — 15 ns typ 
Enable recovery — 1 5 ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFEtm programming 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM74S475 


X 

X 


N,J,V 

DM74S474 


X 


X 

N, J,V 

DM54S475 

X 


X 


J 

DM54S474 

X 



X 

J 


Block and Connection Diagrams 



GATE 


01 

TL/L/9192-1 



Top View 


Order Number DM54/74S474J, 
DM54/74S474AJ, DM54/74S474BJ, 
DM54/74S475J, DM54/74S475AJ or 
DM74S474N, DM74S474AN, 
DM74S474BN, DM74S475N, 
DM74S475AN or DM74S474V or 
DM74S474AV, DM74S474BV, 
DM74S475V, DM74S475AV 
See NS Package Number J24A, 
N24A or V28A 
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DM54/74S475, DM54/74S474, DM54/74S475A, DM54/74S474A, DM54/74S474B 




















DC Electrical Characteristics (Notei) 


Conditions 


Vcc " Max, ViN = 0.45V 


Vcc = Max, V|N = 2.7V 


Vcc “ Max, V|N = 5.5V 


Symbol 

Parameter 

l|L 

Input Load Current 

l|H 

Input Leakage Current 

VoL 

Low Level Output Voltage 

V|L 

Low Level Input Voltage 

ViH 

High Level Input Voltage 

Iqz 

Output Leakage Current 
(Open-Collector Only) 

Vc 

Input Clamp Voltage 

Cl 

Input Capacitance 

Co 

Output Capacitance 

Icc 

Power Supply Current 


TRI-STATE Parameters 


DM54S475/474 


DM74S475/474 



Vcc 

= Max, VcEX = 2.4V 

Vcc 

= Max, VcEX = 5.5V 

Vcc 

= Min, l|N = -18 mA 

Vcc 

= 5.0, V|N = 2.0V 

Ta = 

25C, 1 MHz 

Vcc 

= 5.0V, Vo = 2.0V 

Ta = 

25C, 1 MHz, Outputs Off 

Vcc 

= Max, Inputs Grounded 

I All Outputs Open 


los 

Short Circuit 
Output Current 

Vq = OV, Vcc ~ Max 
(Note 2) 

Iqz 

Output Leakage 

Vcc = Max, Vo = 0.45V to 2.4V 


(TRI-STATE) 

Chip Disabled 

VoH 

Output Voltage High 

lOH = -2.0 mA 



lOH — — 5-5 rnA 



AC Electrical Characteristics (With Standard Load and Operating Conditions) 


Symbol 

JEDEC Symbol 

Parameter 

DM54S475/474 

I DM74S475/474 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

TAVQV 

Address Access Time 


40 

75 


40 

65 

ns 

TEA 

TEVQV 

Enabie Access Time 


20 

40 


20 

35 

ns 

TER 

TEXQX 

Enable Recovery Time 


20 

40 


20 

35 

ns 

TZX 

TEVQX 

Output Enable Time 


20 

40 


20 

35 

ns 

TXZ 

TEXQZ 

Output Disable Time 


20 

40 


20 

35 

ns 


AC Electrical Characteristics (With Standard Load and Operating Conditions) 


Symbol 

JEDEC Symbol 

Parameter 

I DM54S475A/474A, B | 

1 DM74S475A/474A, B | 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

TAVQV 

475A/474A 

Address Access Time 


25 

60 


25 

45 

ns 

474B 


25 

50 


25 

35 

ns 

TEA 

TEVQV 

Enabie Access Time 


15 

35 


15 

25 

ns 

TER 

TEXQX 

Enable Recovery Time 


15 

35 


15 

25 

ns 

TZX 

TEVQX 

Output Enable Time 


15 

35 


15 

25 

ns 

TXZ 

TEXQZ 

Output Disable Time 


15 

35 


15 

25 

ns 


Note 1: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc = 5.0V and Ta = 25”C. 
Note 2: During Iqs measurement, only one output at a time should be grounded. Permanent damage may othenwise result. 
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DM54/74S572, DM54/74S573, DM54/74S572A, 
DM54/74S573A, DM54/74S573B 
(1024 X 4) 4096-Bit TTL PROMs 


General Description 

These Schottky memories are organized in the popular 
1024 words by 4 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the select- 
ed word. When disabled, the 4 outputs go to the “OFF” or 
high impedance state. The memories are available in both 
open-collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected location 
by following the programming instructions. 


Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access — 25 ns typ 
Enable access — 1 5 ns typ 
Enable recovery — 15 ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFEtm programming 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM74S572 


X 

X 


N, J 

DM74S573 


X 


X 

N,J 

DM54S572 

X 


X 


J 

DM54S573 

X 



X 

J 


Block and Connection Diagrams 


A4 

A3 

A2 

A1 

AO 



GATE 


TL/L/9193-1 



Top View 


Vcc 

A7 

AB 

A9 

Ql 

QZ 


03 

04 
K 


TL/L/9193-2 


Order Number DM54/74S572AJ, DM54/74S572BJ, 
DM54/74S572J, DM54/74S573J, 
DM54/74S573AJ, DM54/74S573BJ, 
DM74S572N, DM74S573N, 
DM74S573AN, DM74S573BN, 
DM74S572V, DM74S573V, 
DM74S573AV or DM74S573BV 
See NS Package Number J18A, N18A or V20A 
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DM54/74S572, DM54/74S572A, DM54/74S573, DM54/74S573A, DM54/74S573B 























DC Electrical Characteristics (Note d 


Symbol 

Parameter 

Conditions 

DM54S572/573 

DM74S572/573 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

l|L 

Input Load Current 

Vcc Max, V|N = 0.45V 


-80 

-250 


-80 

-250 

ju.A 

l|H 

Input Leakage Current 

Vcc ~ Max, V||s| == 2.7V 



25 



25 

JU.A 

Vcc * Max, V||v| = 5.5V 



1.0 



1.0 

mA 

VoL 

Low Level Output Voltage 

Vcc Min, Iql =16 mA 


0.35 

0.50 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 





2.0 



V 

loz 

Output Leakage Current 
(Open-Collector Only) 

Vcc = Max, VcEX = 2.4V 



50 



50 

fiA 

Vcc = Max,VcEX = 5.5V 



100 



100 

p,A 

Vc 

Input Clamp Voltage 

Vcc “ Min, l|[\| = —18 mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C| 

Input Capacitance 

Vcc = 5.0V, V|N = 2.0 V 
Ta = 25°C, 1 MHz 


4.0 

■ 



■ 

PF 

Co 

Output Capacitance 

Vcc = 5.0V, Vq = 2.0V 
Ta = 25°C, 1 MHz, Outputs Off 


6.0 

■ 


6.0 

■ 

PF 

Ice 

Power Supply Current 

Vcc = Max, Input Grounded 
All Outputs Open 


100 

140 


100 

140 

mA 

TRI-STATE PARAMETERS 

los 

Short Circuit 
Output Current 

Vq = OV, Vcc ~ Max 
(Note 2) 

-20 

■ 

-70 

-20 

■ 

-70 

mA 

loz 

Output Leakage 
(TRI-STATE) 

Vcc = Max, Vq = 0.45V to 2.4V 
Chip Disabled 



+ 50 



+ 50 

jaA 



-50 



-50 

fiA 

VoH 

Output Voltage High 

Iqh = -2.0 mA 


3.2 





V 

Iqh “ — 6.5 mA 




m 

3.2 


V 


Note 1: These limits apply over the entire operating range unless stated othenwise. All typical values are for Vcc = 5,0V and Ta = 25“C. 
Note 2; During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 


AC Electrical Characteristics (With Standard Load and Operating Conditions) 


Symbol 

JEDEC Symbol 

Parameter 

DM54S572/573 

DM74S572/573 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

TAVQV 

Address Access Time 


40 

75 


40 

60 

ns 

TEA 

TEVQV 

Enable Access Time 


20 

45 


20 

35 

ns 

TER 

TEXQX 

Enable Recovery Time 


20 

45 


20 

35 

ns 

TZX 

TEVQX 

Output Enable Time 


20 

45 


20 

35 

ns 

TXZ 

TEXQZ 

Output Disable Time 


20 

45 


20 

35 

ns 


AC Electrical Characteristics (With Standard Load and Operating Conditions) 


Symbol 

JEDEC Symbol 

Parameter 

DM54S572A/573A, B 

DM74S572A/573A, B 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

TAVQV 

572A/573A 

Address Access Time 


25 

60 


25 

45 

ns 

573B 


25 

50 


25 

35 

ns 

TEA 

TEVQV 

Enable Access Time 


15 

35 


15 

25 

ns 

TER 

TEXQX 

Enable Recovery Time 


15 

35 


15 

25 

ns 

TZX 

TEVQX 

Output Enable Time 


15 

35 


15 

25 

ns 

TXZ 

TEXQZ 

Output Disable Time 


15 

35 


15 

25 

ns 
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DM77/87S180, DM77/87S181, DM77/87S181A, 
DM77/87S280, DM77/87S281, DM77/87S281A 
(1024 X 8) 8192-Bit TTL PROMs 


General Description 

These Schottky memories are organized in the popular 
1024 words by 8 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabied, the outputs represent the contents of the select- 
ed word. When disabled, the 8 outputs go to the “OFF” or 
high impedance state. The memories are available in both 
open-collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected location 
by following the programming instructions. 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

24-Pin 

Standard 

24-Pin 

Narrow-Dip 

DM87S180 


X 

X 


N, J, V 

X 


DM87S181 


X 


X 

N. J.V 

X 


DM77S180 

X 


X 


J 

X 


DM77S181 

X 



X 

J 

X 


DM87S280 


X 

X 


N.J.V 


X 

DM87S281 


X 


X 

N, J.V 


X 

DM77S280 

X 


X 


J 


X 

DM77S281 

X 



X 

J 


X 


Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access — 35 ns typ 
Enable access — 15 ns typ 
Enable recovery — 1 5 ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFEtm programming 


Block and Connection Diagrams 



gate oa Q 7 Q6 Q5 Q4 Q3 Q2 Ql 


TL/L/9194-1 



Top View 

Order Number DM77/87S180J, 
181 J, 280J, 281J, 181AJ, 281AJ, 
DM87S180N, 181N, 280N, 281N, 
181AN, 281AN, DM87S180V, 181V, 
280V or 281V 
See NS Package Number 
J24A, N24A, J24F, N24C or V28A 
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DM77/87S180, DM77/87S181, DM77S181A, DM77/87S280, DM77/87S281, DM77/87S281A 





























DM77/87S180, DM77/87S181, DM77S181A, DM77/87S280, DM77/87S281, DM77/87S281A 


DC Electrical Characteristics (Notei) 

Symbol 

Parameter 

Conditions 

DM77S180/181 

DM77S280/281 

DM87S180/181 

DM87S280/281 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

l|L 

Input Load Current 

Vcc = Max, V|N = 0.45V 


-80 

-250 


-80 

-250 

ju,A 

l|H 

Input Leakage Current 

Vcc = Max,V|N = 2.7V 



25 



25 

p,A 

Vcc ~ Max, V||v| = 5.5V 



1.0 



1.0 

mA 

VoL 

Low Level Output Voltage 

Vcc ~ Min, Iql =16 mA 


0.35 

0.50 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

loz 

Output Leakage Current 
(Open-Collector Only) 

Vcc = Max, VcEX = 2.4V 



50 



50 

jaA 

Vcc = Max, VcEX = 5.5V 



100 



100 

JU.A 

Vc 

Input Clamp Voltage 

Vcc ■ Min, l|N = —18 mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C| 

Input Capacitance 

Vcc = 5.0V, V|N = 2.0V 
Ta = 25°C, 1 MHz 


4.0 



4.0 

■ 

PF 

Co 

Output Capacitance 

Vcc = 5.0V, Vq = 2.0V 
Ta = 25°C, 1 MHz, Outputs Off 


6.0 

■ 


6.0 

■ 

PF 

Icc 

Power Supply Current 

Vcc = Max, Input Grounded 
All Outputs Open 


115 

170 


115 

170 

mA 

TRI-STATE Parameters 

los 

Short Circuit 
Output Current 

Vq = OV, Vcc = Max 
(Note 2) 

-20 

■ 

-70 

-20 

■ 

-70 

mA 

loz 

Output Leakage 
(TRI-STATE) ■ 

Vcc = Max, Vq = 0.45V to 2.4V 
Chip Disabled 



+ 50 



+ 50 

JJ.A 



-50 



-50 

fiA 

VoH 

Output Voltage High 

Iqh = “2.0 mA 

wm 

3.2 





V 

Iqh “ ” 6.5 mA 




Bl 

3.2 


V 

Note 1: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc = 5.0V and Ta = 25"C. 
Note 2: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

AC Electrical Characteristics with standard Load and operating Conditions 

Symbol 

JEDEC Symbol 

Parameters 

DM77S180/181 

DM77S280/281 

DM87S180/181 

DM87S280/281 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

TAVQV 

Address Access Time 


40 

75 


40 

55 

ns 

TEA 

TEVQV 

Enable Access Time 


15 

35 


15 

30 

ns 

TER 

TEXQX 

Enable Recovery Time 


15 

35 


15 

30 

ns 

TZX 

TEVQX 

Output Enable Time 


15 

35 


15 

30 

ns 

TXZ 

TEXQZ 

Output Disable Time 


15 

35 


15 

30 

ns 

AC Electrical Characteristics with standard Load and operating Conditions ' 

Symbol 

JEDEC Symbol 

Parameter 

DM77S181A 

DM87S181A 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

TAVQV 

Address Access Time 


35 

65 


35 

45 

ns 

TEA 

TEVQV 

Enable Access Time 


15 

35 


15 

30 

ns 

TER 

TEXQX 

Enable Recovery Time 


15 

35 


15 

30 

ns 

TZX 

TEVQX 

Output Enable Time 


15 

35 


15 

30 

ns 

TXZ 

TEXQZ 

Output Disable Time 


15 

35 


15 

30 

ns 
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Nahonal 
Semiconductor 
MMl Corporation 


DM77/87SR181 

(1024 X 8) 8k-Bit Registered TTL PROM 


General Description 

The DM77/87SR181 is an electrically programmable 
Schottky TTL read-only memory with D-type, master-slave 
registers on chip. This device is organized as 1024-words by 
8-bits and is available in the tri-state output version. De- 
signed to optimize system performance, this device also 
substantially reduces the cost and size of pipelined micro- 
programmed systems and other designs wherein accessed 
PROM data is temporarily stored in a register. The 
DM77/87SR181 also offers maximal flexibility for memory 
expansion and data bus control by providing both synchro- 
nous and asynchronous output enables. All outputs go 
into the “OFF” state if the synchronous chip enable (GS) is 
high before the rising edge of the clock, or if the asynchro- 
nous chip enable (G) is held high. The outputs are enabled 
when_GS is brought low before the rising edge of the clock 
and G is held low. The GS flip-flop is designed to power up 
to the “OFF” state with the application of Vcc- 
Data is read from the PROM by first applying an address to 
inputs A0-A9. During the setup time the output of the array 
is loaded into the master flip-flop of the data register. During 
the rising edge (low to high transition) of the clock, the data 
is then transferred to the slave of the flip-flop and will ap- 
pear on the output if the output is enabled. Following the 
rising edge clock transition the addresses and synchronous 
chip enable can be removed and the output data will remain 
stable. 


The DM77/87SR181 also features an initialize function 
INIT. The initialize function provides the user with an extra 
word of programmable memory whi ch is accessed with sin- 
gle pin control by applying a low on INIT. The initialize func- 
tion is synchronous and is loaded into the output register on 
the ne xt ris ing edge of the clock. The unprogrammed state 
of the INIT is all lows. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected location 
by following the programming instructions. Once pro- 
grammed, it is impossible to go back to a low. 

Features 

■ On-chip, edge-triggered registers 

■ Synchronous and asynchronous enables for word ex- 
pansion 

■ Programmable register INITIALIZE 

■ 24-pin, 300 mil package 

■ 40 ns address setup and 20 ns clock to output for max- 
imum system speed 

■ Highly reliable, titanium tungsten fuses 

■ TRI-STATE® outputs 

■ Low voltage TRI-SAFEtm programming 

■ All parameters guaranteed over temperature 


Block and Connection Diagrams 



00 01 02 03 04 05 06 07 

TL/L/9195-1 



TL/L/9195-2 


Top View 


Order Number DM77/87SR181J, 
DM87SR181N or DM87SR181 V 
See NS Package Number J24A, 
N24C or V28A 
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DM77/87SR181 




DC Electrical Characteristics (Notei) 


Symbol 

Parameter 

Conditions 

DM77SR181 

DM87SR181 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

l|L 

Input Load Current 

Vcc ~ Max, V|N = 0.45V 


-80 

-250 


-80 

-250 

jxA 

l|H 

Input Leakage Current 

Vcc ~ Max, V|[s| = 2.7V 



25 



25 

JU.A 

Vcc ~ Max, V|N = 5.5V 



1.0 



1.0 

mA 

VoL 

Low Level Output Voltage 

Vcc ~ Min, Iql == 16 mA 


0.35 

0.50 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

loz 

Output Leakage Current 

Vcc = Max, VcEX = 2.4V 



50 



50 

jliA 

Vc 

Input Clamp Voltage 

Vcc “ Min, l|N = —18 mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

Cl 

Input Capacitance 

Vcc = 5.0, V|N = 2.0V 
Ta = 25°C, 1 MHz 


4.0 



4.0 


pF 

Co 

Output Capacitance 

Vcc = 5.0V, Vo = 2.0V 
Ta = 25°C, 1 MHz, Outputs Off 


6.0 



6.0 


pF 

Icc 

Power Supply Current 

Vcc = Max, Inputs Grounded 
All Outputs Open 


115 

175 


115 

175 

mA 


TRI-STATE Parameters 


Iqs 

Short Circuit 
Output Current 

Vq = OV, Vcc — Max 
(Note 2) 

-20 

■ 

-70 

-20 

m 

-70 

mA 

Iqz 

Output Leakage 
(TRI-STATE) 

Vcc = Max, Vo = 0.45V to 2.4V 
Chip Disabled 

-50 

■ 

+ 50 

-50 

m 

+ 50 

fiA 

Vqh 

Output Voltage High 

lOH = -2.0 mA 

El 

3.2 





V 

Iqh — — 5-5 mA 




BM 

3.2 


V 


Note 1: These limits apply over the entire operating range unless othenwise noted. All typical values are for Vcc = 5.0V and Ta = 25“C. 
Note 2: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 


Switching Characteristics 



DM77SR181 


DM87SR181 



Address to CLK (High) Setup Time 


Address to CLK (High) Hold Time 


INIT to CLK (High) Setup Time 


INITtoCLK (High) Hold Time 


Delay from CLK (High) to Output 
(High or Low) 


CLK Width (High or Low) 


GS to CLK (High) Setup Time 


GSto CLK (High) Hold Time 


Delay from CLK (High) to Active 
Output (High or Low) 


Delay from G (Low) to Active 
Output (High or Low) 


Delay from CLK (High) to Inactive 
Output (TRI-STATE) 


Delay from G (High) to Inactive 
Output (TRI-STATE) 


Note: All typical values are for Vcc = 5V, Ta = 25°C. 


tSfGS 


tH(GS 


tpZLfCLK 


tpZHfCLK 


tpZUG 


tpZHfG 


tpLZfCLK 


tpHZfCLK 


tpLZfG 


Cl = 30 pF 


Min I Typ Max Min Typ | Max 



Cl = 5 pF (Note 1) 
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Nah'onal 

Semiconductor 

Corporation 


DM77/87S184, DM77/87S185, DM77/87S185A, 
DM77/87S185B (2048 X 4) 8192-Bit TTL PROMs 


General Description 

These Schottky memories are organized in the popular 
2048 words by 4 bits configuration. A memory enable input 
is provided to control the output states. When the device is 
enabled, the outputs represent the contents of the selected 
word. When disabled, the 4 outputs go to the “OFF” or high 
impedance state. The memories are available in both open- 
collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected location 
by following the programming instructions. 


Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 35 ns max (B Version) 
Enable access— 15 ns typ 
Enable recovery— 15 ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFEtm programming 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM87S184 


X 

X 


N, J,V 

DM87S185 


X 


X 

N, J,V 

DM77S184 

X 


X 


J 

DM77S185 

X 



X 

J 


Block and Connection Diagram 


A10 

A3 

A2 

A1 

AO 



TL/L/9197-1 


A6 

AS 

A4 

A3 

AO 

A1 

A2 

AID 

GND 


TUL/9197-2 

Top View 


1 

XT 

18 

— Vcc 

2 


17 

— A7 

3 


16 

— A8 

4 


15 

— A9 

5 


14 

— 01 

6 


13 

— 02 

7 


12 

— 03 

8 


11 

— 04 

9 


10 

— IT 


Order Number DM77/87S184J, 
DM77/87S185J, DM77/87S185AJ, 
DM77/87S185BJ, DM87S184N, 
DM87S185N, DM87S185AN, 
DM87S185BN, DM87S184V, 
DM87S185V, DM87S185AV or 
DM87S185BV 

See NS Package Number J18A, 
N18A orV20A 
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DM77/87S184,DM77/87S185,DM77/87S185A,DM77/87S185B 












DM77/87S184,DM77/87S185,DM77/87S185A,DM77/87S185B 


DC Electrical Characteristics (Notei) 


Symbol 

Parameter 

Conditions 

DM77S184/185 

DM87S184/185 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

l|L 

Input Load Current 

Vcc Max, V|N = 0.45V 


-80 

-250 


-80 

-250 

fxA 

l|H 

Input Leakage Current 

Vcc = Max, V|N = 2.7V 



25 



25 

fxA 

Vcc Max, V|N - 5.5V 



1.0 



1.0 

mA 

VoL 

Low Level Output Voltage 

Vcc Min, Iql = "16 mA 


0.35 

0.50 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

VlH 

High Level Input Voltage 


2.0 



2.0 



V 

Iqz 

Output Leakage Current 
(Open-Collector Only) 

Vcc = Max, VcEX = 2.4V 



50 



50 

jxA 

Vcc ~ Max, VcEX “ 5.5V 



100 



100 

fiA 

Vc 

Input Clamp Voltage 

Vcc = Min, l|N = -18 mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C| 

Input Capacitance 

Vcc = 5.0, V|N = 2.0V 
Ta = 25C, 1 MHz 


4.0 

■ 


4.0 

■ 

PF 

Co 

Output Capacitance 

Vcc = 5.0V, Vo = 2.0V 
Ta = 25C, 1 MHz, Outputs Off 


6.0 

■ 


6.0 

■ 

PF 

Icc 

Power Supply Current 

Vcc = Max, Input Grounded 
All Outputs Open 


100 

140 


100 

140 

mA 


TRI-STATE Parameters 


los 

Short Circuit 
Output Current 

Vq = OV, Vcc ~ Max 
(Note 2) 

-20 

m 

-70 

-20 

m 

-70 

mA 

loz 

Output Leakage 
(TRI-STATE) 

Vcc = Max, Vo = 0.45V to 2.4V 
Chip Disabled 

-50 

m 

+ 50 

-50 

m 

+ 50 

jaA 

Vqh 

Output Voltage High 

loH = —2.0 mA 

mm 

3.2 





V 

Iqh — “ 6.5 mA 




m 

3.2 


V 


AC Electrical Characteristics (With Standard Load and Operating Conditions) 


Symbol 

JEDEC Symbol 

Parameters 

DM77S184/185 

DM87S184/185 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

TAVQV 

Address Access Time 


40 

70 


40 

55 

ns 

TEA 

TEVQV 

Enable Access Time 


15 

30 


15 

25 

ns 

TER 

TEXQX 

Enable Recovery Time 


15 

30 


15 

25 

ns 

TZX 

TEVQX 

Output Enable Time 


15 

30 


15 

25 

ns 

TXZ 

TEXQZ 

Output Disable Time 


15 

30 


15 

25 

ns 


AC Electrical Characteristics (With Standard Load and Operating Conditions) 


Symbol 

JEDEC Symbol 

Parameters 

DM77S185A/B 

DM87S185A/B 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

TAVQV 

185A 

Address Access Time 


30 

60 


30 

45 

ns 

185B 


25 

50 


25 

35 

ns 

TEA 

TEVQV 

Enable Access Time 


15 

30 


15 

25 

ns 

TER 

TEXQX 

Enable Recovery Time 


15 

30 


15 

25 

ns 

TZX 

TEVQX 

Output Enable Time 


15 

30 


15 

25 

ns 

TXZ 

TEXQZ 

Output Disable Time 


15 

30 


15 

25 

ns 


Note 1: These limits appiy over the entire operating range unless otherwise noted. All typical values are for Vcc = 5.0V and Ta = 25°C. 
Note 2: During Iqs measurement only one output at a time should be grounded. Permanent damage may othenvise result. 
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National 

Semiconductor 

Corporation 


DM77/87S190, DM77/87S191, DM77/87S290, 
DM77/87S291, DM77/87S191A, DM77/87S291A, 
DM77/87S191B, DM77/87S291B (2048 x 8) 
16,384-Bit TTL PROMs 


General Description 

These Schottky memories are organized in the popular 
2048 words by 8 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the select- 
ed word. When disabled, the 8 outputs go to the “OFF” or 
high impedance state. The memories are available in both 
open-collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected location 
by following the programming instructions. 


Features 

■ Advanced tungsten (W) fuses 

■ Schottky-clamped for high speed 

Address access — 35 ns max (B Version) 
Enable access — 1 5 ns typ 
Enable recovery — 1 5 ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFEtm programming 


Military 


Commercial 


Open- 

Collector 


TRI-STATE 


Package 


24-Pin 

Standard 


24-Pin 

Thin-Dip 


DM87S190 


N,J,V 


DM87S191 


N.J.V 


DM77S190 


DM77S191 


DM87S290 


N.J.V 


DM87S291 


N.J.V 


DM77S290 


DM77S291 


Block and Connection Diagrams 




TL/L/9198-1 

Order Number DM77/87S190J, 

191 J, 290J, 291J, 

191A/BJ, 291A/BJ, DM87S190N, 
191N, 290N, 291N, 191A/BN, 291A/BN, 
DM87S190V, 191V, 290V, 291V, 
191A/BVor 291A/BV 
See NS Package Number 
J24A, J24F, N24A, N24C or V28A 
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DM77/87S190, DM77/87S191, DM77/87S290, DM77/87S291, DM77/87S191A, DM77/87S291A, DM77/87S191B, DM77/87S291B 


















DM77/87S190, DM77/87S191, DM77/87S290, DM77/87S291, DM77/87S191A, DM77/87S291A, DM77/87S191B, DM77/87S291B 


DC Electrical Characteristics (Notei) 


Symbol 

Parameter 

l|L 

Input Load Current 

l|H 

Input Leakage Current 

VoL 

Low Level Output Voltage 

V|L 

Low Level Input Voltage 

V|H 

High Level Input Voltage 

Iqz 

Output Leakage Current 
(Open-Collector Only) 

Vc 

Input Clamp Voltage 

C| 

Input Capacitance 

Co 

Output Capacitance 

Icc 

Power Supply Current 


DM77S190/191 

DM77S290/291 



Vcc = Max, V|N = 0.45V 


Vcc = Max, V|N = 2.7V 


Vcc = Max, V|N = 5.5V 


DM87S190/191 

DM87S290/291 


Typ Max 


-80 -250 



Vcc = Max, VcEX = 2.4V 


Vcc = Max, VcEX " 5-5V 


Vcc — Min, 1|N = —18 mA 


Vcc = 5.0V, V|N = 2.0V 
Ta = 25°C, 1 MHz 

Vcc = 5.0V, Vo = 2.0V 
Ta - 25°C, 1 MHz, Outputs Off 

Vcc = Max, Input Grounded 
All Outputs Open 



TRI-STATE Parameters 


Iqs 

Short Circuit 
Output Current 

Vq = OV, Vcc ~ Max 
(Note 2) 

•oz 

Output Leakage 

Vcc = Max, Vo = 0.45V to 2.4V 


aRI-STATE) 

Chip Disabled 

VoH 

Output Voltage High 

lOH = -2.0 mA 



Iqh — — 5-5 mA 


-70 

-20 

50 

-50 



Note 1: These limits apply over the entire operating range unless otherwise noted. All typical values are for Vcc = 5'OV and Ta = 25“C. 
Note 2: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 


AC Electrical Characteristics With Standard Load and Operating Conditions 


Symbol 

JEDEC Symbol 

Parameter 

^AA 

TAVQV 

Address Access Time 

tEA 

TEVQV 

Enable Access Time 

tER 

TEXQX 

Enable Recovery Time 

tzx 

TEVQX 

Output Enable Time 

txz 

TEXQZ 

Output Disable Time 


DM77S190/191 

DM77S290/291 


DM87S190/191 

DM87S290/291 



Typ 

Max 

35 

80 

15 

40 

15 

40 

15 

40 

15 

40 



Typ 

Max 

35 

65 

15 

30 

15 

30 

15 

30 

15 

30 



AC Electrical Characteristics With Standard Load and Operating Conditions 




JEDEC Symbol 


TAVQV 191A/291A Address Access Time 
191B/291B 


TEVQV Enable Access Time 


Enable Recovery Time 


Output Enable Time 


Output Disable Time 


DM77S191A/B 

DM77S291A/B 


DM87S191A/B 

DM87S291A/B 




Typ 

Max 

30 

60 

30 

50 

15 

30 

15 

30 

15 

30 

15 

30 



Typ 

Max 

30 

45 

30 

35 

15 

25 

15 

25 

15 

25 

15 

25 
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National 
Semiconductor 
Corporation 

DM77/87S195A, DM77/87S195B 
(4096 X 4) 16,384-Bit TTL PROMs 

General Description Features 

These Schottky memories are organized in the popular ■ Advanced tungsten (W) fuse technology 

4096 words by 4 bits configuration. Memory enable inputs ■ Schottky-clamped for high speed 

are provided to control the output states. When the device Address access — 30 ns max 

is enabled, the outputs represent the contents of the select- Enable access — 1 5 ns typ 

ed word. When disabled, the 4 outputs go to the “OFF” or Enable recovery— 1 5 ns typ 

high impedance state. The memories are available in TRI- ■ PNP inputs for reduced input loading 

STATE® version only. a A|l qq gnd AC parameters guaranteed over tempera- 

PROMs are shipped from the factory with lows in all loca- ture 

tions. A high may be programmed into any selected location ■ Low voltage TRI-SAFEtm programming 
by following the programming instructions. 

Commercial 


TRI-STATE 


Package 



Military 

DM87S195A/B 

DM77S195A/B X 



Block and Connection Diagrams 



TL/L/9199-1 


Dual-ln-Llne Package 



TL/L/9199-2 

Top View 

Order Number DM77/87S195AJ, 
195BJ, DM87S195AN, 195BN, 
DM87S195AV or 195BV 
See NS Package Number 
J20A, N20A or V20A 
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DM77/87S195A, DM77/87S195B 
























DC Electrical Characteristics (Notei) 


Conditions 


Vcc = Max, V|N = 0.45V 


Vcc == Max, V|N = 2.7V 


Vcc ~ Max, V|N = 5.5V 


Symbol 

Parameter 

l|L 

Input Load Current 

l|H 

Input Leakage Current 

Vql 

Low Level Output Voltage 

V|L 

Low Level Input Voltage 

V|H 

High Level Input Voltage 

Vc 

Input Clamp Voltage 

C| 

Input Capacitance 

Co 

Output Capacitance 

Icc 

Power Supply Current 


DM77S195A/B 


DM87S195A/B 


Vcc = Min, l||si = — 18 mA 


Vcc = 5.0V, V|N = 2.0V 
Ta = 25°C, 1 MHz 

Vcc = 5.0V, Vo = 2.0V 
Ta = 25°C, 1 MHz, Outputs Off 

Vcc = Max, Input Grounded 
All Outputs Open 


TRI-STATE PARAMETERS 


los 

Short Circuit 
Output Current 

Vo = OV, Vcc = Max 
(Note 2) 

Iqz 

Output Leakage 

Vcc = Max, Vo = 0.45V to 2.4V 


(TRI-STATE) 

Chip Disabled 

VoH 

Output Voltage High 

•oh = ~2.0 mA 



Iqh ~ “ 5-5 mA 



Note 1: Those limits apply over the entire operating range unless otherwise noted. All typical values are for Vcc = 6.0V and Ta = 25'C. 
Note 2: During Iqs measurement, only one output at a time should be grounded. Permanent damage may othenvise result. 


AC Electrical Characteristics (With Standard Load and Operating Conditions) 


Symbol JEDEC Symbol 


DM77S195A/195B 


Min 



Address Access Time 1 95A 
195B 


Enable Access Time 


Enable Recovery Time 


Output Enable Time 


Output Disable Time 



Typ 

Max 

30 

60 

30 

50 

15 

30 

15 

30 

15 

30 

15 

30 


DM87S195A/195B 


Min 



Typ 

Max 

30 

45 

30 

35 

15 

25 

15 

25 

15 

25 

15 

25 






































































































































































Nahonal 

Semiconductor 

Corporation 


DM77/87S321, DM77/87S421 
(4096 X 8) 32,768-Bit TTL PROMs 


General Description 

These Schottky memories are organized in the popular 
4096 words by 8-bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the select- 
ed word. When disabled, the eight outputs go to the “OFF” 
or high impedance state. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected location 
by following the programming instructions. 

The DM77/87S321 and DM77/87S421 program the same 
as ail other nonregistered PROMs from National. 


Features 

■ Advanced fuse technology 

■ Schottky-clamped for high speed 

Address access— 55 ns max 
Enable access— 20 ns typ 
Enable recovery— 20 ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFEtm programming 

■ Generic programming 



Block and Connection Diagrams 


2 2 im 2 ^11 III ^ 


as 0« GJ 02 01 

TLyL/9200-1 




Top View 

Order Number DM77/87S321J, 
421J, DM87S321N, 421N, 
DM87S321 V or DM87S421 V 
See NS Package Number 
J24A, N24AorV28A 
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DM77/87S321, DM77/87S421 


DC Electrical Characteristics (Note 1) 

Symbol 

Parameter 

Conditions 

DM77S321/421 

DM87S321/421 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

l|L 

Input Load Current 

Vcc ~ Max, V|N = 0.45V 


-80 

-250 


-80 

-250 

JU.A 

)|H 

Input Leakage Current 

Vcc = Max, V|N = 2.7V 



25 



25 

fiA 

Vcc = Max, V|N = 5.5V 



1.0 



1.0 

mA 

VoL 

Low Level Output Voltage 

Vcc Min, Iql 12 mA 


0.35 

0.50 


0.35 

0.45 

n 

V|L 

Low Level Input Voltage 




0.80 



0.80 

S 

V|H 

High Level Input Voltage 


2.0 






V 

Vc 

Input Clamp Voltage 

Vcc Min, l|N = —18 mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C| 

Input Capacitance 

Vcc = 5.0, V|N = 2.0V 
Ta = 25°c, 1 MHz 


4.0 

■ 



■ 

PF 

Co 

Output Capacitance 

Vcc = 5.0V, Vo = 2.0V 
Ta = 25°C, 1 MHz, Outputs Off 


6.0 

■ 


6.0 

■ 

PF 

Icc 

Power Supply Current 

Vcc = Max, 

All Outputs Open 


135 

185 


135 

185 

mA 

TRI-STATE® Parameters 

>os 

Short Circuit 
Output Current 

Vq = OV, Vcc “ Max 
(Note 4) 

-20 

■ 

-70 

-20 

■ 

-70 

mA 

•oz 

Output Leakage 
(TRI-STATE) 

Vcc = Max, Vo = 0.45V to 2.4V 
Chip Disabled 

-50 

■ 

+ 50 

-50 

■ 

+ 50 

fiA 

VOH 

Output Voltage High 

lOH = -2.0 mA 

m 

3.2 





V 

lOH — ~ 6.5 mA 




m 

3.2 


V 

AC Electrical Characteristics (with standard Load and operating Conditions) 

Symbol 

JEDEC Symbol 

Parameters 

DM77S321/421 

DM87S321/421 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Taa 

TAVQV 

Address Access Time 


40 

65 


40 

55 

ns 

Tea 

TEVQV 

Enable Access Time 


20 

35 


20 

30 

ns 

Ter 

TEXQX 

Enable Recovery Time 


20 

35 


20 

30 

ns 

Tzx 

TEVQX 

Output Enable Time 


20 

35 


20 

30 

ns 

Txz 

TEXQZ 

Output Disable Time 


20 

35 


20 

30 

ns 

Note 1: These limits apply over the entire operating range unless otherwise noted. All typical values are for Vcc = 5-OV and Ta = 25“C. 
Note 2: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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Wjn National 

Semiconductor 
mM Corporation 


PRELIMINARY 


DM77/87SR474, DM77/87SR474B (512 x 8) 4k-Bit 
Registered TTL PROM 


General Description 

The DM77/87SR474 is an electrically programmable 
Schottky TTL read-only memory with D-type, master-slave 
registers on-chip. This device is organized as 512 words by 
8-bits and is available in the TRI-STATE® output version. 
Designed to optimize system performance, this device also 
substantially reduces the cost and size of pipelined micro- 
programmed systems and other designs wherein accessed 
PROM data is temporarily stored in a register. The 
DM77/87SR474 also offers maximal flexibility for memory 
expansion and data bus control by providing both synchro- 
nous and asynchronous output enables. All outputs go 
into the "OFF” state if the synchronous chip enable (GS) is 
high before the rismg edge of the clock, or if the asynchro- 
nous cf^ enable (G) is held high. The outputs are enabled 
when^GS is brought low before the rising edge of the clock 
and G is held low. The GS flip-flop is designed to power up 
to the “OFF" state with the application of Vcc- 
Data is read from the PROM by first applying an address to 
inputs A0-A8. During the setup time the output of the array 
is loaded into the master flip-flop of the data register. During 
the rising edge (low to high transition) of the clock, the data 
is then transferred to the slave of the flip-flop and will ap- 
pear on the output if the output is enabled. Following the 
rising edge clock transition the addresses and synchronous 
chip enable can be removed and the output data will rem^n 
stable. 


The DM77/87SR474 also features an initialize function, 
INIT. The initialize function provides the user with an extra 
word of programmable memory whi ch is accessed with sin- 
gle pin control by applying a low on INIT. The initialize func- 
tion is synchronous and is loaded into the output register on 
the n ext ris ing edge of the clock. The un programmed state 
of the INIT is all lows, providing a CLEAR function when not 
programmed. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected location 
by following the programming instructions. Once pro- 
grammed, it is impossible to go back to a low. 

Features 

■ On-chip, edge-triggered registers 

■ Synchronous and asynchronous enables for word 
expansion 

■ Programmable synchronous register INITIALIZE 

■ 24-pin, 300 mil thin-dip package 

■ 35 ns address setup and 20 ns clock to output for max- 
imum system speed 

■ Highly reliable, titanium tungsten fuses 

■ TRI-STATE outputs 

■ Low voltage TRI-SAFEtm programming 

■ All parameters guaranteed over temperature 

■ Pinout compatible with DM77SR181 (1k x 8) Registered 
PROM for future expansion 


Connection Diagram 





Ay — 

1* 


24 

VCC 

A6 — 

2 


23 

As 

As — 

3 


22 

NC 

A4 — 

4 


21 

G 

Aa — 

5 


20 

iNi? (CLH) 

Az — 

6 

DM77SR474 

19 

— GS 

Al — 

7 


18 

CK 

Ao — 

8 


17 

07 

QO — 

9 


16 

06 

oi — 

10 


15 

05 

QZ — 

11 


14 

04 

GND — 

12 


13 

03 



Top View 


TL/L/9201-2 

Order Number DM77SR474J, DM87SR474J, DM87SR474N, 
DM77SR474BJ, DM87&R474BJ, DM87SR474BN, 
DM87SR474V or DM87SR474BV 
See NS Package Number J24F, N24C or V28A 
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DC Electrical Characteristics (Note d 


Symbol 

Parameter 

Conditions 

DM77SR474 

DM87SR474 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

l|L 

Input Load Current 

Vcc ~ Max, V|N = 0.45V 


-80 

-250 


-80 

-250 

jaA 

l|H 

Input Leakage Current 

Vcc = Max, V|N = 2.7V 



25 



25 

jaA 

Vcc ~ Max, V|N = 5.5V 



1.0 



1.0 

mA 

VoL 

Low Level Output Voltage 

Vcc ~ Min, Iql = 16 mA 


0.35 

0.50 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

loz 

Output Leakage Current 

Vcc = Max, VcEX = 2.4V 



50 



50 

JU.A 

Vc 

Input Clamp Voltage 

Vcc Min, l|N = “18 mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C| 

Input Capacitance 

Vcc = 5.0, V|N = 2.0V 
Ta = 25“C, 1 MHz 


4.0 



4.0 


PF 

Co 

Output Capacitance 

Vcc = 5.0V, Vo = 2.0V 
Ta = 25°C, 1 MHz, Outputs Off 


6.0 



6.0 

■ 

PF 

•cc 

Power Supply Current 

Vcc = Max, Inputs Grounded 
All Outputs Open 


135 

185 


135 

185 

mA 

TRI-STATE Parameters 

•os 

Short Circuit 
Output Current 

Vo = OV, Vcc = Max 
(Note 2) 

-20 

■ 

-70 

-20 

■ 

-70 

mA 

•oz 

Output Leakage 
(TRI-STATE) 

Vcc = Max, Vo = 0.45V to 2.4V 
Chip Disabled 

-50 

■ 

-1-50 

-50 

■ 

-f50 

fiA 

VoH 

Output Voltage High 

•oh = “2.0 mA 


3.2 





V 

•oh “ “ 6-5 mA 




Bl 

3.2 


V 


Note 1: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc = 5.0V and Ta = 25'C. 
Note 2: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 


Switching Characteristics 


Symbol 

Pflrsimotor 

1 DM77SR474 | 




Min 

Typ 

Max 

Min 

tS(A) 

Address to CLK (High) 

SR474 

55 

20 


50 


Setup Time 

SR474B 

40 

20 


35 


Address to CLK (High) Hold Time 

0 

-5 


0 


iNTf to CLK (High) Setup Time 

30 

20 


25 

tH(lNIT) 

InIT to CLK (High) Hold Time 

0 

-5 


0 



tpHL(CLK) 

Delay from CLK (High) 

SR474 


15 

30 


15 

27 

•PLH(CLK) 

to Output (High or Low) 

SR474B 


15 

25 


15 

20 


CLK Width (High or Low) 


25 


13 


GS to CLK (High) Setup Time 


GStoCLK (High) Hold Time 




Delay from CLK (High) 
to Output Active (High or Low) 

Delay from G (Low) 
to Output Active (High or Low) 

Delay from CLK (High) 
to Output Inactive (TRI-STATE) 

Delay from G (Low) 
to Output Inactive (TRI-STATE) 


20 

35 

15 

30 

20 

35 

15 

30 



10 


0 


ns 


5 


0 


ns 


20 

30 

ns 

15 

25 

ns 

20 

30 

ns 

15 

25 

ns 
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DM77/87SR476, DM77/87SR25, DM77/87SR476B, DM77/87SR25B 



Nah'onal 

Semiconductor 

Corporation 


DM77/87SR476, DM77/87SR25, DM77/87SR476B, 
DM77/87SR25B (512x8) 4k-Bit Registered TTL PROM 


General Description 

The DM77/87SR476 is an electrically programmable 
Schottky TTL read-only memory with D-type, master-slave 
registers on-chip. This device is organized as 512 words by 
8-bits and is available in the TRI-STATE® output version. 
Designed to optimize system performance, this device also 
substantially reduces the cost and size of pipelined micro- 
programmed systems and other designs wherein accessed 
PROM data is temporarily stored in a register. The 
DM77/87SR476 also offers maximal flexibility for memory 
expansion and data bus control by providing both synchro- 
nous and asynchronous output enables. All outputs ^ go 
into the “OFF” state if the synchronous chip enable (GS) is 
high before the rising edge of the clock, or if the asynchro- 
nous chip enable (G) is held high. The outputs are enabled 
when_GS is brought low before the rising edge of the clock 
and G is held low. The GS flip-flop is designed to power up 
to the “OFF” state with the application of Vcc- 
Data is read from the PROM by first applying an address to 
inputs A0-A8. During the setup time the output of the array 
is loaded into the master flip-flop of the data register. During 
the rising edge (low to high transition) of the clock, the data 
is then transferred to the slave of the flip-flop and will ap- 
pear on the output if the output is enabled. Following the 
rising edge clock transition the addresses and synchronous 
chip enable can be removed and the output data will remain 
stable. 

The DM77SR476 also features an initialize function, I NIT. 
The initialize function provides the user with an extra word 


of programmable memory whi ch is accessed with single pin 
control by applying a low on INIT. The initialize function is 
asyn chronous and is loaded into the output registe r whe n 
INIT is brought low. The unprogrammed state of the INIT is 
all lows, which makes it compatible with the CLEAR function 
on the AM27S25. PS loads ones into the output registers 
when brought low. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected location 
by following the programming instructions. Once pro- 
grammed, it is impossible to go back to a low. 

Features 

■ Functionally compatible with AM27S25 

■ On-chip, edge-triggered registers 

■ Synchronous and asynchronous enables for word ex- 
pansion 

■ Programmable asynchronous INITIALIZE (SR476 only) 

■ 24-pin, 300 mil thin-dip package 

■ 35 ns address setup and 20 ns clock to output for max- 
imum system speed 

■ Highly reliable, titanium tungsten fuses 

■ TRI-STATE outputs 

■ Low voltage TRI-SAFEtm programming 

■ All parameter’s guaranteed over temperature 

■ Preset input 


Block and Connection Diagrams 


Mill 

10F64 

WORD 

DECODER 


64W0RDX64BIT 
PROGRAMMABLE FUSE ARRAY 








TnrTTTTTT 

1 1 1 

I0F8 

BIT 

DECODER 


1/B MULTIPLEXER 




1 1 1 1 i 1 1 ’T" 


— ^0 1 

Nit 

INITIALIZE WORD 

B-BIT EDGE-TRIGGERED REGISTER 


1 


_ "D" 

1 

n 

r 

FLIP-FLOP 




5 — 

J 1 


Qg Qj Qg Q 4 Qs Qg Q; 


TL/L/9202-1 



•CLR only on DM77/87SR25 

Order Number DM77/87SR476J, 
SR25J, SR476BJ, SR25B, 
DM87SR476N, SR25N, SR476BN, 
SR25BN, DM87SR476V, SR25V, 
SR476BV or SR25BV 
See NS Package Number J24F, 
N24C orV28A 
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DC Electrical Characteristics (Note i) 

Symbol 

Parameter 

Conditions 

DM77SR476, 476B 
DM77SR25, 25B 

DM87SR476, 476B 
DM87SR25, 25B 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

l|L 

Input Load Current 

Vcc = Max, V|N = 0.45V 


-80 

-250 


-80 

-250 

IJ.A 

l|H 

Input Leakage Current 

Vcc = Max. V|N = 2.7V 



25 



25 

jaA 

Vcc = Max, V|N = 5.5V 



1.0 



1.0 

mA 

VoL 

Low Level Output Voltage 

Vcc ~ Min, Iql =16 mA 


0.35 

0.50 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

loz 

Output Leakage Current 

Vcc = Max, VcEX = 2.4V 



50 



50 

fj.A 

Vc 

Input Clamp Voltage 

Vcc ~ Min, l|N = —18 mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C| 

Input Capacitance 

Vcc = 5.0, V|N = 2.0V 
Ta = 25'C. 1 MHz 


4.0 



4.0 


pF 

Co 

Output Capacitance 

Vcc = 5.0V, Vo = 2.0V 
Ta = 25°C, 1 MHz, Outputs Off 


6.0 



6.0 


PF 

Icc 

Power Supply Current 

Vcc = Max, Input Grounded 
All Outputs Open 


135 

185 


135 

185 

mA 

TRI-STATE Parameters 

•os 

Short Circuit 
Output Current 

Vq = OV, Vcc ~ Max 
(Note 2) 

-20 


-70 

-20 


-70 

mA 

•oz 

Output Leakage 
(TRI-STATE) 

Vcc = Max. Vo = 0.45V to 2.4V 
Chip Disabled 

-50 


-1-50 

-50 


-1-50 

fiA 

VOH 

Output Voltage High 

loH = -2.0 mA 

2.4 

3.2 





V 

•oh — — 6.5 mA 




2.4 

3.2 


V 

Note 1: These limits apply over the entire operating range uniess stated othenwise. All typical values are for Vcc = 5.0V and Ta = 25°C. 
Note 2: During Iqs measurements, only one output at a time should be grounded. Permanent damage may otherwise result. 

Switching Characteristics 

Symbol 

Parameter 

DM77SR476, 476B 
DM77SR25, 25B 

DM87SR476, 476B 
DM87SR25, 25B 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

tS(A) 

Address to CLK (High) Setup Time 

SR476, SR25 

55 

20 


50 

20 


ns 

SR476B, SR25B 

40 

20 


35 

20 


RUSH! 

1 Address to CLK (High) Hold Time 

0 

-5 


0 

-5 


ns 

tPHL(CLK) 

tpLH(CLK) 

Delay from CLK (High) to Output 
(High or Low) 

SR476, SR25 


15 

30 


15 

27 

ns 

SR476B, SR25B 


15 

25 


15 

20 


CLK Width (High or Low) 

25 

13 


20 

13 


ns 

tS(GS) 

GS to CLK (High) Setup Time 

10 

0 


10 

0 


ns 

tH(GS) 

GStoCLK (High) Hold Time 

5 

0 


5 

0 


ns 

tpLH(PS) 

Delay from PS (Low) to Output (High) 


20 

40 


20 

30 

ns 

tpLH(MT) 

*PHL(INIT) 

Delay from INIT (Low) to Output (Low or High) 


20 

40 


20 

30 

ns 

twu(P5) 

PS Pulse Width (Low) 

15 

10 


15 

10 


ns 


INIT Pulse Width (Low) 

15 

10 


15 

10 



tS(PS) 

PS Recovery (High) to CLK (High) 

25 

10 


20 

10 


ns 

tS(iNTf) 

INIT Recovery (High) to CLK (High) 

25 

10 


20 

10 


ns 

tpZL(CLK) 

tpZH(CLK) 

Deiay from CLK (High) to Active Output (High or Low) 


20 

35 


20 

30 

ns 

tpZL(G) 

tpZH(G) 

Delay from G (Low) to Active Output (High or Low) 


15 

30 


15 

25 

ns 

tpZL(CLK) 

tPHZ(CLK) 

Delay from CLK (High) to Inactive Output (TRI-STATE) 


20 

35 


20 

30 

ns 

tpZL(G) 

tPHZ(G) 

Delay from G (High) to Inactive Output (TRI-STATE) 


15 

30 


15 

25 

ns 
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National 

Semiconductor 

Corporation 


DM77/87SR27, DM77/87SR27B 
(512 X 8) 4k-Bit Registered TTL PROM 


General Description 

The DM77/87SR27 is an electrically programmable 
Schottky TTL read-only memory with D-type, master-slave 
registers on-chip. This device is organized as 512 words by 
8 bits and is available in the TRI-STATE® output version. 
Designed to optimize system performance, this device also 
substantially reduces the cost and size of pipelined micro- 
programmed systems and other designs wherein accessed 
PROM data is temporarily stored in a register. The 
DM77/87SR27 also offers maximal flexibility for memory 
expansion and data bus control by providing both synchro- 
nous and asynchronous output enables. All outputs will go 
into the “OFF” state if the synchronous chip enable (GS) is 
high before the rising edge of the clock, or if the asynchro- 
nous chip enable (G) is held high. The outputs are enabled 
when_G5 is brought low before the rising edge of the clock 
and G is held low. The GS flip-flop is designed to power up 
to the “OFF" state with the application of Vcc- 
Data is read from the PROM by first applying an address to 
inputs A0-A8. During the setup time the output of the array 
is loaded into the master flip-flop of the data register. During 
the rising edge (low to high transition) of the clock, the data 
is then transferred to the slave of the flip-flop and will ap- 
pear on the output if the output is enabled. Following the 


rising edge clock transition the addresses and synchronous 
chip enable can be removed and the output data will remain 
stable. 

PROMS are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected location 
by following the programming instructions. Once pro- 
grammed, it is impossible to go back to a low. 

Features 

■ Functionally compatible with Am27S27 

■ On-chip, edge-triggered registers 

■ Synchronous and asynchronous enables for word ex- 
pansion 

■ 22-pin 400-mil thin-DlP package 

■ 35 ns address setup and 20 ns clock to output for max- 
imum system speed 

■ Highly reliable, titanium tungsten fuses 

■ TRI-STATE outputs 

■ Low voltage TRI-SAFEtm programming 

■ All parameters guaranteed over temperature 


Block and Connection Diagrams 



TL/L/6686-1 


Dual-In-Line Package 



Order Number DM77/87SR27J, 
DM77/87SR27BJ, DM87SR27N, 
DM87SR27BN, DM87SR27V or 
DM87SR27BV 

See NS Package Number J22A, 
N22AorV28A 
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Absolute Maximum Ratings Operating Conditions 

Specifications for Miiitary/ Aerospace products are not Supply Voltage (Vcc) 

contained in this datasheet. Refer to the associated DM77SR27 

reliability electrical test specifications document. DM87SR27 

Supply Voltage (Note 1) -0.5V to + 7.0V Ambient Temperature (Ta) 

Input Voltage (Note!) -1.2Vto+5.5V DM77SB27 

Output Voltage (Motet) -0.5Vto+5.5V DM87SR27 

Storage Temperature -65’Cto +150*0 Logical 'O' Input Voltage 

Lead Temperature (to see) 30C7O Logical 'f Input Voltage 

ESD rating to be determined. 

4.5V to 5.5V 
4.75V to 5.25V 

-55°CtO +125°C 
O'Cto + 70°C 
OV to 0.8V 
2.0V to 5.5V 

Note: Absolute maximum ratings indicate limits beyond which permanent 
damage may occur. Continuous operation at these limits is not intended; 
operations should be limited to those conditions specified under DC Electri- 
cal Characteristics. 








DC ElSCtriCSl ChSrSCtGriStiCS Ta = 25”C, Vcc = S.OV, unless otherwise specified. 




Symbol 

Parameter 

Test Conditions 

DM77SR27 

DM87SR27 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

l|L 

Input Load Current 

Vcc “ Max, V|N = 0.45V 


-80 

-250 


-80 

-250 

fxA 

l|H 

Input Leakage Current 

Vcc = Max, V|N = 2.7V 



25 



25 

fiA 



Vcc = Max, V|N = 5.5V 



1.0 



1.0 

mA 

VoL 

Low Level Output Voltage 

Vcc ' Min, Iql =16 mA 


0.35 

0.50 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level input Voltage 





2.0 



V 

•oz 

Output Leakage Current 

Vcc = Max, VcEX ^ 2.4V 



50 



50 

fiA 

Vc 

Input Clamp Voltage 

Vcc = Min, l|N = ~ 1 8 rnA 


-0.8 

-1.2 


-0.8 


V 

C| 

Input Capacitance 

Vcc = 5.0, V|N = 2.0V 
Ta = 25°C, 1 MHz 


4.0 

■ 


4.0 

■ 

PF 

Co 

Output Capacitance 

Vcc = 5.0V, Vo = 2.0V 
Ta = 25°C, 1 MHz, Outputs Off 


6.0 

■ 


6.0 

■ 

PF 

Icc 

Power Supply Current 

Vcc = Max, Inputs Grounded 
All Outputs Open 


135 

185 


135 

185 

mA 

TRI-STATE Parameters 

los 

Short Circuit 
Output Current 

Vo = OV, Vcc = Max 
(Note 2) 

-20 

■ 

-70 

-20 

■ 

-70 

mA 

•oz 

Output Leakage 

Vcc = Max, Vo = 0.45V to 2.4V 



-1-50 



+ 50 

/lA 


(TRI-STATE) 

Chip Disabled 



-50 



-50 

jiA 

VoH 

Output Voltage High 

lOH = ~2.0 mA 

m 

3.2 





V 



loH = ~ 6.5 mA 




m 

3.2 


V 

Note 1: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 
Note 2: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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DM77/87SR27, DM77/87SR27B 


Switching Characteristics 

Symbol 

Parameter 

DM77SR27 

DM87SR27 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

'S(A) 

Address to CLK 
(High) Setup Time 

SR27 

55 

20 


50 

20 


ns 

SR27B 

40 

20 


35 

20 


<H(A) 

Address to CLK (High) Hold Time 


0 

-5 


0 

-5 


ns 

tpHL(CLK) 

tpLH(CLK) 

Delay from CLK (High) 
to Output (High or Low) 

SR27 


15 

30 


15 

27 

ns 

SR27B 


15 

25 


15 

20 

tWH(CLK) 

tWL(CLK) 

CLK Width (High or Low) 

25 

13 


25 

13 

■ 

ns 

%(SS) 

GS to CLK (High) Setup Time 

10 

0 


10 

0 


ns 

tH(G5) 

GS to CLK (High) Hold Time 

5 

0 


5 

0 


ns 

tpZL(CLK) 

'PZH(CLK) 

Delay from CLK (High) 
to Active Output (High or Low) 


20 

35 


20 

30 

ns 

'PZL(G) 

tpZH(G) 

Delay from G (Low) 
to Active Output (Low or High) 


15 

30 

■ 

15 

25 

ns 

tpLZ(CLK) 

tpHZ(CLK) 

Delay from CLK (High) 
to Inactive Output (TRI-STATE) 


20 

35 

■ 

20 

30 

ns 

tpLZ(G) 

tpHZ(G) 

Delay from G (High) 
to Inactive Output (TRI-STATE) 


15 

30 

■ 

15 

25 

ns 

Programming Parameters do not test or you may program the device 

Symbol 

Parameter 

Test 

Conditions 

Min 

Recommended 

Vaiue 

Max 

Units 

Vccp 

Required Vcc for Programming 


10 

10.5 

11 

V 

■ccp 

Ice During Programming 

> 

II 

8 

> 



750 

mA 

Vqp 

Required Output Voltage for Programming 


10 

10.5 

11 

V 

Iqp 

Output Current While Programming 

VoUT = ■'■'V 



20 

mA 

Irr 

Rate of Voltage Change of Vcc or Output 


1 


10 

V/ju,s 

PWE 

Programming Pulse Width (Enabled) 


9 

10 

11 

jXS 

VcCVL 

Required Low Vcc for Verification 


3.8 


mm 

V 

VcCVH 

Required High Vcc for Verification 


5.8 

6 

6.2 

V 

Mqc 

Maximum Duty Cycle for Vcc af Vccp 



25 

25 

% 
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Switching Waveforms 



Key To Timing Diagram 


WAVEFORM 

INPUTS 

OUTPUTS 

WAVEFORM 

INPUTS 

DON’T CARE; 
ANY CHANGE 
PERMinED 

OUTPUTS 

PUAIJPIIJr 


MUST BE 
STEADY 

WILL BE 
STEADY 


LHANuINu 

STATE 

UNKNOWN 



WILL BE 
CHANGING 
FROM H TO L 



CENTER LINE 


MAY CHANGE 
FROM H TO L 


DOES NOT 
APPLY 

IS HIGH 
IMPEDANCE 
“OFF" STATE 






M 

MAY CHANGE 
FROM L TO H 

WILL BE 
CHANGING 
FROM L TO H 





TL/L/6686-4 
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DM77/87SR183 




National 

Semiconductor 

Corporation 


DM77/87SR183 (1k x 8) 8k-Bit 
Registered TTL PROM 

General Description 

The DM77/87SR183 is an electrically programmable 
Schottky TTL read-only memory with D-type, master-slave 
registers on-chip. This device is organized as 1 024 words by 
8-bits and is available in the TRI-STATE® output version. 
Designed to optimize system performance, this device also 
substantially reduces the cost and size of pipelined micro- 
programmed systems and other designs wherein accessed 
PROM data is temporarily stored in a register. The 
DM77/87SR183 also offers maximal flexibility for memory 
expansion and data bus control by providing both synchro- 
nous and asynchronous output enables. All outputs will go 
into the "OFF” state if the synchronous chip enable (GS) is 
high before the rising edge of the clock, or if the asynchro- 
nous chip enable (G) is held high. The outputs are enabled 
when_G§ is brought low before the rising edge of the clock 
and G is held low. The ^ flip-flop is designed to power up 
to the “OFF” state with the application of Vcc- 
Data is read from the PROM by first applying an address to 
inputs A0-A9. During the setup time the output of the array 
is loaded into the master flip-flop of the data register. During 
the rising edge (low to high transition) of the clock, the data 
is then transferred to the slave of the flip-flop and will ap- 
pear on the output if the output is enabled. Following the 
rising edge clock transition the addresses and synchronous 
chip enable can be removed and the output data will remain 
stable. 

Block and Connection Diagrams 


The DM77/87SR183 also features an initialize function, 
INIT. The initialize function provides the user with an extra 
word of programmable memory whi ch is accessed with sin- 
gle pin control by applying a low on INIT. The initialize func- 
tion is asy nchronous and is loaded into the output register 
whe n INIT is brought low. The unprogrammed state of the 
INIT is all lows. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected location 
by following the programming instructions. Once pro- 
grammed, it is impossible to go back to a low. 

Features 

■ Functionally compatible with AM27S35 

■ On-chip, edge-triggered registers 

■ Synchronous and asynchronous enables for word 
expansion 

■ 24-pin, 300 mil thin-dip package 

■ 35 ns address setup and 20 ns clock to output for 
maximum system speed 

■ Highly reliable, titanium tungsten fuses 

■ TRI-STATE outputs 

■ Low voltage TRI-SAFEtm programming 

■ All parameters guaranteed over temperature 



A? — 

1 * 

24 

*6 — 

2 

23 

As — 

3 

22 

A4 — 

4 

21 

A3 — 

5 

20 

A2 — 

6 

DM77SR183 

19 

A1 — 

7 

18 

Ao — 

8 

17 

QO — 

9 

16 

oi — 

10 

15 

02 — 

11 

14 

GND — 

12 

13 


8-eiT COGE-TRIGGEREQ REGISTER 




Top View 

Order Number DM77/87SR183J, 
DM77/87SR183BJ, DM87SR183N, 
DM87SR183BN, DM87SR183V 
or DM87SR183BV 
See NS Package J24F, 

N24C or V28A 
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Absolute Maximum Ratings (Notei) 

Specifications for Military/Aerospace products are not 
contained in this datasheet. Refer to the associated 
reliability electrical test specifications document. 
Supply Voltage (Note 2) -0.5 to + 7.0V 

Input Voltage (Note 2) -1.2to+5.5V 

Output Voltage (Note 2) - 0.5 to + 5.5V 

Storage T emperature - 65° to + 1 50°C 

Lead Temperature (1 0 seconds) 300°C 

DC Electrical Characteristics (Note 3) 

Operating Conditions 

Min Max 

Supply Voltage (Vcc) 

DM77SR183, DM77SR183B 4.50 5.50 

DM87SR183, DM87SR183B 4.75 5.25 

Ambient Temperature (Ta) 

DM77SR183, DM77SR183B -55 +125 

DM87SR183, DM87SR183B 0 +70 

Logical “0” Input Voltage 0 0.8 

Logical “1” Input Voltage 2.0 5.5 

Units 

V 

V 

°c 

°c 

V 

V 

Symbol 

Parameter 

Conditions 

DM77SR183 

183B 

DM87SR183 

183B 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

IlL 

Input Load Current 

Vcc— Max., V|N= 0.45V 


-80 

-250 


-80 

-250 

juA 

l|H 

Input Leakage Current 

Vcc= Max., V|N = 2.7V 



25 



25 

jmA 

Vcc= Max., V|N= 5.5V 



1.0 



1.0 

mA 

VoL 

Low Level Output Voltage 

Vcc~Min., loi_=16 mA 


0.35 

0.50 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

loz 

Output Leakage Current 

Vcc = Max., VcEX = 2.4V 



50 



50 

}iA 

Vc 

Input Clamp Voltage 

Vcc— Min., I|N= —18 mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

Ci 

Input Capacitance 

Vcc=5.0V, V|n = 2.0V 
Ta= 25°C, 1 MHz 


4.0 



4.0 


PF 

Co 

Output Capacitance 

Vcc = 5.0V, Vo = 2.0 V 
Ta= 25°C. 1 MHz, Outputs Off 


6.0 

■ 


6.0 

■ 

PF 

Icc 

Power Supply Current 

Vcc = Max., Inputs Grounded 
All Outputs Open 


135 

185 


135 

185 

mA 

TRI-STATE Parameters 

los 

Short Circuit 
Output Current 

Vq = OV, Vcc Meix. 
(Note 4) 

-20 

■ 

-70 

-20 

■ 

-70 

mA 

•oz 

Output Leakage 
(TRI-STATE) 

Vcc = Max., Vo = 0.45 to 2.4V 
Chip Disabled 

-50 

■ 

+ 50 

-50 

■ 

+ 50 

fiA 

VOH 

Output Voltage High 

loH= ~2.0 mA 

m 

3.2 





V 

loH~ —6.5 mA 




m 

3.2 


V 

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be operated at 
these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc=5.0V and Ta=25°C. 

Note 4: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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£ Switching Characteristics 




SR163 


SR183B 


SR183 


SR183B 


DM77SR183, 183B 


DM87SR183, 183B 


Min Typ | Max | Min | Typ | Max 


Address to CLK (High) Setup Time 


Address to CLK (High) Hold Time 


Delay from CLK (High) to Output 
(High or Low) 


CLK Width (High or Low) 


GS to CLK (High) Setup Time 


GS to CLK (High) Hold Time 


Delay from INIT (Low) to Output (Low or High) 


INIT Pulse Width (Low) 


INIT Recovery (High) to CLK (High) 


Delay from CLK (High) to Active Output (High or Low) 


Delay from G (Low) to Active Output (Low or High) 


Delay from CLK (High) to Inactive Output (TRI-STATE) 


Delay from G (High) to Inactive Output (TRI-STATE) 



20 35 


20 35 


20 35 


20 


20 30 ns 


20 30 ns 


20 30 ns 


Programming Parameters Do not test or you may program the device. 


Symbol 

Parameter 

Vccp 

Required Vcc for Programming 

Iccp 

Ice During Programming 

Vop 

Required Output Voltage 
for Programming 

Iqp 

Output Current while Programming 

Irr 

Rate of Voltage Change of Vcc 
or Output 

PWE 

Programming Pulse Width (Enabled) 

Vccv 

Required Vcc ^or Verification 

Mdc 

Maximum Duty Cycle for Vcc at Vccp 


Conditions 


Recommended 

Value 



Max 

Units 

11 

V 

750 

mA 

11 

V 

20 

mA 

10 

V/ju,s 

11 

flS 

4.2 

6.2 

V 

25 

% 


























































































































































Switching Waveforms 
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X 


HIM. 
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-IPZH(CLK)-*I 

—a; 


I- IPHUCLK)- 


1 -^ IPHZ(E)-*| 


I— IPZH(ff) — ^ 


MJI MIt - gE 


laH(CLK)- 


-IPUtCLK) — 


IpZl(CLK) -* 
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/ 


• IPZLiS) 




VOH 

1.5V 

VOL 

3 V 

1 . 5 V 


iwi(IiliT)— I 
IRiT 




1 . 5 V 
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Key To Timing Diagram 
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OUTPUTS 

WAVEFORM 

INPUTS 

OUTPUTS 


MUST BE 
STEADY 

WILL BE 
STEADY 

w 

DON'T CARE: 
ANY CHANGE 
PERMITTED 

CHANGING: 

STATE 

UNKNOWN 






CENTER LINE 
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IMPEDANCE 
"OFF” STATE 

m 

MAY CHANGE 
FROM H TO L 

WILL BE 
CHANGING 
FROM H TO L 


DOES NOT 
APPLY 






m 
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FROM L TO H ■ 

WILL BE 
CHANGING 
FROM L TO H 
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DM77/87SR191, DM77/87SR193 




National 

Semiconductor 

Corporation 


PRELIMINARY 


DM77/87SR191, DM77/87SR193 
(2k X 8) 16k-Bit Registered TTL PROM 


General Description 

The DM77/87SR1 91 , DM77/87SR193 is an eleclrically pro- 
grammable Schottky TTL read-only memory with D-type, 
master-slave registers on-chip. This device is organized as 
2K words by 8-bits and is available in the TRI-STATE® out- 
put version. Designed to optimize system performance, this 
device also substantially reduces the cost and size of pipe- 
lined microprogrammed systems and other designs wherein 
accessed PROM data is temporarily stored in a register. The 
DM77/87SR191, DM77/87SR193 also offers maximum 
flexibility for memory expansion and data bus control by pro- 
viding either synchronous or asynchronous output enables. 
When using the asychronous chip select function, all out- 
puts will go “OFF’ when 5 is held high. The output will be 
enabled when G is held low. When architecturally pro- 
grammed to synchronous chip sel^ all outputs will go 
"OFF” synchronous to the clock if GS is held high before 
the rising edge of the clock. The output will synchronously 
be enabled if held low before the rising edge of the clock. 
The GS flip-flop is designed to power up to the “OFF” state 
with the application of Vcc- 

Data is read from the PROM by first applying an address to 
inputs A0-A10. During the set-up time the output of the 
array is loaded into the master flip-flop of the data register. 
During the rising edge (low to high transition) of the clock, 
the data is then transferred to the slave of the flip-flop and 
will appear on the output if the output is enabled. Following 
the rising edge clock transition the addresses and synchro- 
nous chip enable can be removed and the output data will 
remain stable. 

The DM77SR191/DM77SR193 also features an initialize 
INIT. The initialize function provides the user with an extra 


word of programmable memory whic h is a ccessed with sin- 
gle pin control by applying a low on INIT. When using the 
asynchronous initialize SR19 3, the initialize word is loaded 
into the output register when INIT is brought low. With the 
synchronous initialize function of the SR191, the initial ize 
word is loaded into the master flip-flop when INITs is 
brought low and appears on the output during the rising 
edge of the clock. The unprogrammed state of the initialize 
word is all lows. 

The function of^hip select is shipped from the factory as an 
asynchronous G function and must be architecturally pro- 
grammed to perform the synchronous function, GS. 

Features 

■ SR191 functionally compatible with AM27S47, SR193 
compatible with AM27S45. 

■ On-chip, edge-triggered registers. 

■ Architecturally programmable asynchronous/synchro- 
nous chip select. 

■ Single pin INITIALIZE either synchronous (DM77/ 
87SR191) or asynchronous (DM77/87SR193). 

■ 24 pin, 300 mil thin-dip package. 

■ 25 ns addresses setup and 15 ns clock to output for 
maximum system speed. 

■ Highly reliable, titanium tungsten fuses. 

■ TRI-STATE outputs. 

■ Low voltage TRI-SAFEtm programming. 

■ All parameters guaranteed over temperature. 


Connection Diagram 


Order Number DM77/87SR191J, 
DM77/87SR193J, 
DM77SR191N, 
DM77SR193N, 
DM77SR191V or 
DM77SR193V 
See NS Package J24F, 
N24C or V28A 


1* 

24 

2 

23 

3 

22 

4 

21 

S 

20 

6 

19 

7 

18 

8 

17 

9 

16 

10 

15 

11 

14 

12 

13 


Top View 

‘ IRlTs only on DM77/87SR191 
TRIT only on DM77/87SR193 
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Absolute Maximum Ratings (Notei) 

Specifications for Military/Aerospace products are not 
contained in this datasheet. Refer to the associated 
reliability electrical test specifications document. 
Supply Voltage (Note 2) - 0.5 to + 7.0V 

Input Voltage (Note 2) - 1 .2 to + 5.5V 

Output Voltage (Note 2) - 0.5 to + 5.5V 

Storage T emperature - 65 to + 1 50‘“C 

Lead Temperature (1 0 seconds) 300°C 

DC Electrical Characteristics (Note 3) 

Operating Conditions 

Min 

Supply Voltage (Vcc) 
DM77SR191,DM77SR193 4.50 

DM87SR191, DM87SR193 4.75 

Ambient Temperature (Ta) 
DM77SR191,DM77SR193 -55 

DM87SR1 91 , DM87SR1 93 0 

Logical “0” Input Voltage 0 

Logical “1 ” Input Voltage 2.0 

Max 

5.50 

5.25 

+ 125 
+ 70 
0.8 
5.5 

Units 

V 

V 

°c 

°c 

V 

V 

Symbol 

Parameter 

Conditions 


DM77SR191, 

DM77SR193 

DM87SR191, 

DM87SR193 

Units 





Min 

Typ 

Max 

Min 

Typ 

Max 


l|L 

Input Load Current 

Vcc~ Max., V|N= 0.45V 


-80 

-250 


-80 

-250 

juA 

l|H 

Input Leakage Current 

Vcc= Max., V|N= 2.7V 



25 



25 

JU.A 

Vcc~ Max., V|(\| = 5.5V 



1.0 



1.0 

mA 

VoL 

Low Level Output Voltage 

Vcc= Min., Iql~ "ISmA 


0.35 

0.50 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

loz 

Output Leakage Current 

Vcc= Max., VcEX=^ 2.4V 



50 



50 

}iA 

Vc 

Input Clamp Voltage 

Vcc = Min., l|(v| = — 1 8mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C| 

Input Capacitance 

Vcc = 5.0, V|N = 2.0V 
Ta = 25“C, 1MHz 


4.0 



4.0 


PF 

Co 

Output Capacitance 

Vcc = 5.0 V, Vo = 2.0V 
Ta= 25”C, 1 MHz, Outputs Off 


6.0 



6.0 


pF 

Icc 

Power Supply Current 

Vcc = Max., Inputs Grounded 
All Outputs Open 


140 

190 


140 

190 

mA 

TRI-STATE Parameters 

los 

Short Circuit 
Output Current 

Vo=0V,Vcc=Max. 
(Note 4) 

-20 


-70 

-20 


-70 

mA 

loz 

Output Leakage 
(TRI-STATE) 

Vcc = Max., Vo = 0.45 to 2.4V 
Chip Disabled 

-50 


-f50 

-50 


+ 50 

jiA 

VoH 

Output Voltage High . 

loH= -2.0mA 

2.4 

3.2 





V 

loH= -6.5mA 




2.4 

3.2 


V 

Note 1: Absolute maximum ratings are those values beyond which the device may be permanentiy damaged. They do not mean that the device may be operated at 
these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instnjctions. 

Note 3: These limits appiy over the entire operating range unless stated otherwise. All typical values are for Vcc=5.0V and Ta=25°C. 

Note 4: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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DM77/87SR191, DM77/87SR193 


Switching Characteristics 


Symbol Parametei 


Address to CLK (High) Setup Time 


Address to CLK (High) Hold Time 


DM77SR191, 

DM77SR193 


DM87SR191, 

DM87SR193 


Min Typ Max Min Typ Max 



Delay from CLK (High ) to Output (High or Low) 


CLK Width (High or Low) 


GS to CLK (High) Setup Time (Note 5) 


GS to CLK (High) Time (Note 5) 


Delay from INIT (Low) to Output (Low or High) (Note 8) 


INIT Pulse Width (Low) (Note 8) 


INITS to CLK (High) Hold Time (Note 7) 


INITS to CLK (High) Setup Time (Note 7) 


INIT Recovery (Low or High) to CLK (High) (Note 8) 


Delay from CLK (High) to Active Output (High or Low) 
(Note 5) 


Delay from G (Low) to Active Output (Low or High) (Note 6) 


Delay from CLK (High) to Inactive Output (TRI-STATE) 
(Note 5) 


Delay from G (High) to Inactive Output (TRI-STATE) (Note 6) 


Programming Parameters Do not test or you may program the device 


twLdNir 


fSflNITS 




15 

10 

0 

-5 

25 

20 

20 

10 


20 30 


15 25 


20 30 


15 25 


Symbol 

Parameter 

Vccp 

Required Vcc for Programming 

Iccp 

Ice During Programming 

Vop 

Required Output Voltage 
for Programming 

Iqp 

Output Current while Programming 

Irr 

Rate of Voltage Change of Vcc 
or Output 

PwE 

Programming Pulse Width (Enabled) 

Vccv 

Required Vcc for Verification 

Mpc 

Maximum Duty Cycle for Vcc a* Vccp 



Note 5: Applies only when asynchronous ENABLE (55) function is used 
Note 6: Applies only when synchronous ENABLE (5) function is used 
Note 7: Applies to synchronous INITS function DM77/87SR191. 

Note 8: Applies to asynchronous INiT function DM77/87SR193. 
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Switching Waveforms 
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Key To Timing Diagram 


WAVEFORM INPUTS 


WAVEFORM INPUTS 


DON'T CARE: CHANGING; 

ANY CHANGE STATE 

PERMITTED UNKNOWN 


m 


MAY CHANGE 
FROM H TO L 


WILL BE 
CHANGING 
FROM H TO L 


CENTER LINE 
IS HIGH 
IMPEDANCE 
"OFF" STATE 


m 


MAY CHANGE 
FROM L TO H 


WILL BE 
CHANGING 
FROM L TO H 


AC Test Load 



RL1=300£3 
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DM77/87SR191, DM77/87SR193 




3-58 












YjWA Nah'onal 

Semiconductor 

Corporation 


Bipolar PROM Devices in Plastic 
Leaded Chip Carriers (PLCC) 


Introduction of Surface Mount 
Technology 

Recent years have seen rapid advances in microcircuit 
technology. The integrated circuits of the 1980’s are more 
complex than the circuit boards of the 1960’s. It is evident 
that the next decade will bring demands for packages with 
higher lead counts and closer lead spacing, both to support 
the greater system density sought by designers. 

National Semiconductor Corporation is committed to sur- 
face mount devices, for they provide the most practical so- 
lution to these needs. Geared to development of high-com- 
plexity semiconductor chips National has placed great em- 
phasis on package development and introducing plastic 
leaded chip carriers with various number of leads as surface 
mounted components. 

Features of Surface Mount Devices 

Surface mount devices have additional features compared 
to molded Dual-ln-Line Packages (DIP): 

1 . Compact design that saves space during assembly. 

2. Mounting on both sides of the substrate. 

3. Easier handling and excellent reliability. 

4. Automation of the assembly process. 

5. Lower board manufacturing costs. 

6. Improved operating speed. 

7. Increased board density and reduced weight. 

Applications 

Surface mount devices can be used where substrate size, 
as well as weight and thickness are limited. The surface 
mount device can also be used in areas where conventional 
packages cannot be used. Areas of application include; por- 
table video cassette recorders, video cameras, hand-held 
computers, personal computers, electronic toys, car elec- 
tronics, cameras, telephones, and various telecommunica- 
tion equipment. 


Products in PLCC 

National Semiconductor has a broad Family of high per- 
formance PROMs. All the PAL and PROM products present- 
ly offered in DIP packages will now be available in the PLCC 
(plastic leaded chip carrier) package including the 15 ns in- 
dustries fastest PAL. 

Advantages of PLCC 

1 . Permits automated assembly. 

2. Lower manufacturing costs. 

3. Smaller PCC size, reduces board density and weight. 

4. Lower noise and improved frequency response resulting 
from shorter circuit paths. Automated assembly ensures 
accurate component placement which improves reliabil- 
ity and provides more consistent product quality. 

Additional Information 

National Semiconductor offers a variety of technical briefs 
covering surface mount topics. These include: 

STARTM Tape-and-Reel Shipping System 
Order Number 113635 

Getting Started in Surface Mount (Equipment Suppliers) 
Order Number 570435 

A Basic Guide to Surface Mounting of Electronic 
Components 

Order Number 113615 
Reliability Report: Small Outline Packages 
Order Number 570430 
Reliability Report: Plastic Chip Carrier 
Order Number 980040 
Surface Mount Technology Notebook 
Order Number 980020 
Plastic Chip Carrier Technology 
Order Number 113295 
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Connection Diagrams 


Plastic Chip Carrier (PLCC) Plastic Chip Carrier (PLCC) 



D1 = DIP Pin 1 
NC = No Connect 

Top View 


PROM 

ORDERING INFORMATION 

Example: 


■ National's PROM Family Designator 

-Generic Programming Family 
74, 87 Commercial 
54, 77 MILITARY 

■ Output Type 

S=Schottky 

LS=Low Power Sehottky 
SR=Shadow Registered 

■ Unique 3 Digit Part Number 

-Performance Level 
Speed Range 

No Deslgnator=Standard Speed 

A=Enhanced 

B=Super Enhanced 

- Package 
N=Plastlc DIP 
J=Ceramic DIP 

V=Plastic Leaded Chip Carrier (PCC) 


DM 74 S 188 A V 
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PROM 


Device 

Size 

(Bits) 

Configuration 

DM74S188 OC 
DM74S288 TS 

256 

32 X 8 

PL87X288 TS 

256 

32 X 8 

DM74S287 TS 
DM74S387 OC 

IK 

256 X 4 

DM74S570 OC 
DM74S571 TS 

2K 

512 X 4 

DM74LS471 TS 

2K 

256 X 8 

DM74S572 OC 
DM74S573 TS 

4K 

1,024 X 4 

DM74S472 TS 
DM74S473 OC 

4K 

512 X 8 

DM87S184 OC 
DM87S185TS 

8K 

2048 X 4 


74S472, 74S473 


74LS471 


Series-20 Selection Chart 


TAA (max) in ns 


A-Series 


25 


nQQQCRQl 

nBHBHBHi 



B-Serles 


87St84.87S16S 


74S572.74S573 


74S570.74S571 


IBKiDDiaQQl 

IHQIQQQQIQQl 

IQBQQQiaQQk 


[BIBIBmI 

lEBEHa»S1 

ianBia 


(EtQQQ 

glQSQ 


ihiiqSq! 

□EiBEaQia 


QQQQb 

qqqqS 

QDiaBIS 

QIQIQIQb 

qqqqS 


•For 87 X 288, outputs are numbered Qq through Qy 


TL/L/9261-4 

Top View 

Series-24 Selection Chart 


Configuration 


DM74S474 TS 
DM74S475 OC 


DM87SR474 REG 
DM87SR476 REG 


DM87S180 OC 
DM87S181 TS 
DM87LS181 TS 
DM87SR181 REG 
DM87SR183REG 


DM87S190 OC 
DM87S191 TS 
DM87SR191 REG 
DM87SR193REG 


DM87S321 TS 


•setup time 


TAA (max) in ns 


A-Series 


45 


J£lliniSllL 

jliBliBIBIf 

llQQIQninil 


gSBIDQ 

gQBQD 

gflDDBI 

[Q)|Q|Q|QQ| 


B-Series 


35 


ICC 
max 
in mA 

DIP 

pins 

170 

24 

170 

24 

170 

24 

175 

24 

185 

24 
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Bipolar PROM Devices in Plastic Leaded Chip Carriers (PLCC) 


Plastic Chip Carrier 



Plastic Chip Carrier 
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Programming Support 

PROM devices may be programmed with hardware and 
software readiiy avaiiabie in the market. Most programmer 
manufacturers will offer a PCC adapter which will fit in exist- 
ing equipment. For the availability of PCC adapter please 
check with your programmer manufacturer. 


Programming Equipment 


1. Data I/O 

2. Structured Design 

3. Stag 

4. Dig Elec 

5. Kontron 

6. Prolog 

7. Citel 
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Non-Registered PROM Programming Procedure 


Non-Registered PROM Programming Procedure 



National Schottky PROMs are shipped from the factory with 
ail fuses intact. As a result, the outputs will be low (logical 
“0”) for all addresses. To generate high (logical “1”) levels 
at the outputs, the device must be programmed. Information 
regarding commercially available programming equipment 
may be obtained from National. If it is desired to build your 
own programmer, the following conditions must be ob- 
served: 

1 . Programming should be attempted only at ambient tem- 
peratures between 1 5°C and 30°C. 

2. Address and Enable inputs must be driven with TTL logic 
levels during programming and verification. 

3. Programming will occur at the selected address when 
Vcc is at 10.5V, and at the selected bit location when the 
output pin, representing that bit, is at 10.5V, and the de- 
vice is subsequently enabled. To achieve these condi- 
tions in the appropriate sequence, the following proce- 
dure must be followed: 

a) Select the desired word by applying high or low levels 
to the appropriate address inputs. Disable the device 
by applying a high level to one or more “active low” 
chip enable inputs. 

b) Increase Vcc ftom nominal to 10.5V (±0.5V) with a 
siew rate between 1 .0 and 1 0.0 V/p.s. Since Vcc is the 
source of the current required to program the fuse as 
weli as the Ice fot the device at the programming volt- 
age, it must be capable of supplying 750 mA at 1 1.0V. 

c) Select the output where a logical high is desired by 
raising that output voltage to 10.5V (±0.5V). Limit the 
slew rate from 1.0 to 10.0 V/p,s. This voltage change 
may occur simultaneously with the increase in Vcc, b^Jt 
must not precede it. It is critical that only one output at 
a time be programmed since the internal circuits can 
only supply programming current to one bit at a time. 
Outputs not being programmed must be left open or 
connected to a high impedance source of 20 kfl mini- 
mum. (Remember that the outputs of the device are 
disabied at this time). 


d) Enable the device by taking the chip enable(s) to a low 
level. This is done with a pulse of 10 fis. The 10 jj,s 
duration refers to the time that the circuit (device) is 
enabled. Normal input levels are used and rise and fall 
times are not critical. 

e) Verify that the bit has been programmed by first remov- 
ing the programming voitage from the output and then 
reducing Vcc to 4.0V (±0.2V) for one verification and 
to 6.0V (±0.2V) for a second verification. Verification 
at Vcc ievels of 4.0V and 6.0V wiii guarantee proper 
output states over the Vcc aod temperature range of 
the programmed part. The device must be Enabled to 
sense the state of the outputs. During verification, the 
loading of the output must be within specified Iql and 
Iqh limits. Steps b, c, and d must be repeated up to 1 0 
times or until verification that the bit has been pro- 
grammed. 

f) Foliowing verification, apply five additional program- 
ming pulses to the bit being programmed. The program- 
ming procedure is now complete for the selected bit. 

g) Repeat steps a through f for each bit to be pro- 
grammed to a high level. If the procedure is performed 
on an automatic programmer, the duty cycle of Vcc at 
the programming voitage must be limited to a maxi- 
mum of 25%. This is necessary to minimize device 
junction temperatures. After all selected bits are pro- 
grammed, the entire contents of the memory should be 
verified. 

Note: Since only an enabled device Is programmed, It is possible to program 
these parts at the board level if all programming parameters are com- 
plied writh. 
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Programming Parameters Do not test or you may program the device 


Symbol 

Parameters 

Vccp 

Required Vcc for Programming 

Iccp 

Ice during Programming 

Vqp 

Required Output Voltage 
for Programming 

lop 

Output Current while 
Programming 

Irr 

Rate of Voltage Change of 
Vcc or Output 

PwE 

Programming Pulse Width 
(Enabled) 

Vccv 

Required Vcc for Verification 

Vccv 

Required Vcc for Verification 

Mpc 

Maximum Duty Cycle for 
Vcc at Vccp 


Conditions 



Programming Waveforms Non-Registered prom 

Ti = 100 ns Min. „ 


T 2 = 5 ns Min. T2 may be > 0 if 
Vccp rises at the same rate or 
faster than (Vqp) 

T 3 = 100 ns Min. 

T 4 = 100 ns Min. 

T 5 = 100 ns Min. 

PwE Is repeated for 5 additional 
pulses after verification of Vqh Indi- 
cates a bit has been programmed. 


ADDRESS ' 
INPUTS V,L 


PROGRAMMED v... 

OUTPUT y°,2ZZ 


SELECTED ADDRESS STABLE _X_ 

i' 1 

■ T2 T5 

2 / hnmzzmznz 

-H U-T4 OUTPUT 
-*1 T3 K- I VERIFY 


r-*l 1^ 


NOTE: ENABLE WAVEFORM FOR AN ACTIVE LOW ENABLE. 
SOME PROMS HAVE MORE THAN ONE CHIP ENABLE. 
HOLD ALL OTHER ENABLE(S) TO ACTIVE STATE(S). 
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Registered PROM Programming Procedure 


Registered PROM Programming Procedure 


National Schottky PROMs are shipped from the factory with 
all fuses intact. As a result, the outputs will be low (logical 
“0”) for all addresses. To generate high (logical “1”) levels 
at the outputs, the device must be programmed. Information 
regarding commercially available programming equipment 
may be obtained from National. If it is desired to build your 
own programmer, the following conditions must be ob- 
served; 

1. Programming should be attempted only at ambient tem- 
peratures between 15°C and 30°C. 

2. Address and Enable inputs must be driven with TTL logic 
levels during programming and verification. 

3. Programming will occur at the selected address when 
Vcc is at 10.5V, and at the selected bit location when the 
output pin, representing that bit, is at 10.5V, and the de- 
vice is subsequently enabled. To achieve these condi- 
tions in the appropriate sequence, the following proce- 
dure must be followed: 

a) Select the desired word by applying high or low levels 
to the appropriate address inputs. Disable the device 
by applying a high level to asynchronous chip Enable 
input G. GS is held low during the entire programming 
time. 

b) Increase Vcc from nominal to 10.5V (±0.5V) with a 
slew rate between 1 .0 and 10.0 V/jxs. Since Vcc is the 
source of the current required to program the fuse as 
well as the Ice for the device at the programming volt- 
age, it must be capable of supplying 750 mA at 1 1 V. 

c) Select the output where a logical high is desired by 
raising that output voltage to 10.5V (±0.5V). Limit the 
slew rate from 1.0 to 10.0 V/jus. This voltage change 
may occur simultaneously with the increase in Veci but 
must not precede it. It is critical that only one output at 
a time be programmed since the internal circuits can 
only supply programming current to one bit at a time. 
Outputs not being programmed must be left open or 
connected to a high impedance source of 20 kft mini- 
mum. (Remember that the outputs of the device are 
disabled at this time). 


d) Enable the device by taking the chip enable (G) to a 
low level. This is done with a pulse of 10 jms. The 10 ju,s 
duration refers to the time that the circuit (device) is 
enabled. Normal input levels are used and rise and fall 
times are not critical. 

e) Verify that the bit has been programmed by first remov- 
ing the programming voltage from the output and then 
reducing Vcc to 4.0V (±0.2V) for one verification and 
to 6.0V (±0.2V) for a second verification. Verification 
at Vcc levels of 4.0V and 6.0V will guarantee proper 
output states over the Vcc and temperature range of 
the programmed part. Each data verification must be 
preceded by a positive going (low to high) clock edge 
to load the data from the array into the output register. 
The device must be Enabled to sense the state of the 
outputs. During verification, the loading of the output 
must be within specified Iql and Iqh limits. Steps b, c, 
and d must be repeated up to 10 times or until verifica- 
tion that the bit has been programmed. 

f) The initialize word is programmed by setting INIT input 
to a logic low and programming the initialize word out- 
put by output in the same manner as any other address. 
This can be accomplished by inverting the A9 address 
input from the PROM programmer and applying it to the 
INIT input. Using this method, the initialize word will 
program at address 512. 

g) Following verification, apply five additional program- 
ming pulses to the bit being programmed. The pro- 
gramming procedure is now complete for the selected 
bit. 

h) Repeat steps a through f for each bit to be pro- 
grammed to a high level. If the procedure is performed 
on an automatic programmer, the duty cycle of Vcc at 
the programming voltage must be limited to a maxi- 
mum of 25%. This is necessary to minimize device 
junction temperatures. After all selected bits are pro- 
grammed, the entire contents of the memory should be 
verified. 
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Programming Parameters Do not test or you may program the device 


Symboi 

Parameters 

Vccp 

Required Vcc for Programming 

Iccp 

ice during Programming 

Vop 

Required Output Voltage 
for Programming 

Iqp 

Output Current while 
Programming 

Irr 

Rate of Voltage Change of 
Vcc or Output 

PwE 

Programming Pulse Width 
(Enabied) 

VcCVH 

Required High Vcc for Verification 

VcCVL 

Required Low Vcc for Verification 

Mdc 

Maximum Duty Cycle for 
Vcc of Vccp 


Conditions 


Programming Waveforms Registered prom 

''■"■nr SELECTED ADDRESS STABLE 
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Registered PROM Programming Procedure 























































standard Test Loads 

Non-Registered PROMs 


Registered PROMs 



»cc 


TL/OO/2506-3 


Switching Time Waveforms 

Non-Registered PROM 


ADDRESS 


3.0V 


VALID 


TZX 


3.0V- 

OV- 




X 


i=?g=i 


TL/OO/2506-4 


Switching Waveforms Registered PROM 



TL/OO/2506-8 

•Device input waveform characteristics are; 

Repetition rate = 1 MHz 
Source impedance = 50n 
Rise and Fall times = 2.5 ns max. 

(1.0 to 2.0 volt levels) 

•TAA is measured with stable enable inputs. 

•TEA and TER are measured from the 1.5 volt level on Inputs and outputs 
wflth all address and enable Inputs stable at applicable levels. 

•For Iql = 16 mA, R1 = 300n and R2 = 60011 
•for loL = 12 mA, R1 = 40011 and R2 = 80011. 

•“C” Includes scope and jig capacitance. 


N)"*9 


-•"j h“ 


m 



^twH(CP)C^ 


TO 


»h(gs) 


hj ts(GS)'* i*’ 

zm L 


(h(GS) 


y/77//////- 


Q0-Q7 


l(cp)^ 


HWcp)h- 

•- tpZH(CP)-»t 





— tpLH(CP) J 

tH(iNlT) 1*- 

“|0-5V 

1 tpLzCCP) -*\ \ 

ktpzL(CP)k kWCP)k 

> 

ts(iNiT) 

k 



U- tpHz(®) M 1-^ *pzh(°) M 


,3V 

1.5V 

'OV 

,3V 

1.5V 

‘OV 

. 3V 
1.5V 
'OV 


tpZL© -A 


5V 

VoL 

3V 

1.5V 

•OV 

,3V 
1.5 V 
OV 


Key To Timing Diagram 

Waveform Inputs 


Outputs 


Waveform 


Inputs 


Outputs 



Must Be 
Steady 

Will Be 
Steady 

M 

Don’t Care: 
Any Change 
Permitted 

Changing; 

State 

Unknown 

/77T 

May Change 
from H to L 

May Change 
from Lto H 

Will Be 
Changing 
from H to L 

Will Be 
Changing 
from L to H 

59 (S 

Does Not 
Apply 

Center Line 
Is High 
Impedance 
“OFF” State 
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Programming Parameters Do not test or you may program the device 


Symbol 

Parameters 

Vccp 

Required Vcc for Programming 

Iccp 

Ice during Programming 

Vqp 

Required Output Voltage 
for Programming 

Iqp 

Output Current while 
Programming 

Irr 

Rate of Voltage Change of 
Vcc or Output 

PWE 

Programming Pulse Width 
(Enabled) 

Vccv 

Required Vcc for Verification 

Mdc 

Maximum Duty Cycle for 
Vcc af Vccp 



Programming Waveforms Registered prom 

SELECTED ADDRESS STABLE 


-] j-T; 

PROORAmED 


OUTPUT VoL' 


“HTg I— 


7 V7. 

-*i Ta K OUTPUT 
-H h K I ^ VERIFY 

-*l PwE I*- "i h 


Ti = 100 ns Min. 

T 2 = 5 ns Min. (T2 may be > 0 if Vccp fises at the same rate or faster than Vop.) 
T 3 = 100 ns Min. 

T 4 = 100 ns Min. 

T 5 = 100 ns Min. 

Tg = 50 ns Min. 
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PROMS 


Approved Programmers for NSC PROMs 

Manufacturer System # 

DATA I/O 5/17/1 9/29A 

PRO-LOG M910.M980 

KONTRON MPP80S 

STAG PPX 

AIM RP400 

DIGELEC UP803 

STARPLEXTM 

Quality Enhancement Programs For Bipolar Memory 

A-l- PROGRAM* 


Test 

Condition 

Guaranteed 
LOT AQL 5 

D.C Parametric 

25”C 

0.05 

and Functionality 

Each 



Temperature 

Extreme 

0.05 

A.C. Parametric 

25°C 

0.4 

Mechanical 

Critical 

0.01 


Major 

0.28 

Seal Tests 

Fine Leak 

0.4 

Hermetic 

(5x10-8) 


Gross 

0.4 


B+ PROGRAM 

Test 

Condition 

Guaranteed 
LOT AQL 5 

D.C Parametric 

25'C 

0.05 

and Functionality 

Each 



Temperature 

Extreme 

0.05 

A.C Parametric 

25°C 

0.4 

Mechanical 

Critical 

0.01 


Major 

0.28 

Seal Tests 
Hermetic 

Fine Leak 
(5x10-8) 

0.4 


Gross 

0.4 


•Includes 160 hours of burn-ln at 125°C. 
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All dimensions are in inches (millimeters) 


[151 [i4l [131 [121 [TT| [T^ m 


w ^ L3| m 111 m 


0,220-0.310 

(5.588-7.874) 


0.005-0.020 
(0.127-0.508) 
RAD TVP 


0.290-0.320 

(7.366-8.128) 



o ons , I I . 
( 0 . 127 )^ r 


0.008-0.012 

(0.203-0.305) 


0.310-0.410 

(7.874-10.41) 


0.055 + 0.005 
(1.397 + 0.127) 


0.018+0.003 
(0.457 + 0.076) 


u u I 

IM 0.125-0.200 0.020-0.0 
(3.175-5.080) (0.508-1.5 


0.100 + 0.010 
’(2.540 + 0.254) 


0.037 + 0.005 
(0.940 + 0.127) 


NS Package J16A 







Physical Dimensions 













Physical Dimensions 
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Physical Dimensions 






Physical Dimensions 



ALL LEAD TYP ALL LEADS TYP TYP 


M14B (REVCI 

NS Package Ml 4B 
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Physical Dimensions 





N20A(REV Q) 

NS Package N20A 


1 




N22A(REVD) 

NS Package N22A 
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REFLECT ALTERNATE 



N24A (REV E| 

NS Package N24A 





N24C(REV F) 

NS Package N24C 
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Physical Dimensions 









Physical Dimensions 


4 SPACES AT 





NS Package V20A 




NS Package V28A 
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National 

Semiconductor 

Corporation 


Bookshelf of Technical Support Information 

National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical 
literature. 

This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and 
section contents for each book. 

Please contact your local National sales office for possible complimentary copies. A listing of sales offices follows this 
bookshelf. 

We are interested in your comments on our technical literature and your suggestions for improvement. 

Please send them to: 

Technical Communications Dept. M/S 23-200 

2900 Semiconductor Drive 

P.O. Box 58090 

Santa Clara, CA 95052-8090 

For a recorded update of this listing plus ordering information for these books from National’s Literature Distribution operation, 
please call (408) 749-7378. 

DATA CONVERSION/ACQUISITION DATABOOK— 1984 

Selection Guides • Active Filters • Amplifiers • Analog Switches • Analog-to-Digital Converters 
Analog-to-Digital Display (DVM) • Digital-to-Analog Converters* Sample and Hold • Sensors/Transducers 
Successive Approximation Registers/Comparators • Voltage References 

HYBRID PRODUCTS DATABOOK— 1982 

Operational Amplifiers • Buffers • Instrumentation Amplifiers • Sample & Hold Amplifiers • Comparators 
Non-Linear Functions • Precision Voltage Regulators and References • Analog Switches 
MOS Clock Drivers • Digital Drivers • A-D Converters • D-A Converters • Fiber-Optic Products 
Active Filters & Telecommunication Products • Precision Networks • 883/RETS 

INTERFACE DATABOOK— 1986 

Transmission Line Drivers/Receivers • Bus Transceivers • Peripheral/Power Drivers • Display Controllers/Drivers 
Memory Support • Microprocessor Support • Level Translators/Buffers • Frequency Synthesis 

INTERFACE/BIPOLAR LSI/BIPOLAR MEMORY/PROGRAMMABLE LOGIC 
DATABOOK— 1983 

Transmission Line Drivers/Receivers • Bus Transceivers • Peripheral/Power Drivers 
Level Translators/Buffers • Display Controllers/Drivers • Memory Support • Dynamic Memory Support 
Microprocessor Support • Data Communications Support • Disk Support • Frequency Synthesis 
Interface Appendices • Bipolar PROMs • Bipolar and ECL RAMs • 2900 Family/Bipolar Microprocessor 
Programmable Logic 

INTUITIVE 1C CMOS EVOLUTION— 1984 

Thomas M. Frederiksen’s new book targets some of the most significant transitions in semiconductor technology since the 
change from germanium to silicon. Intuitive iC CMOS Evolution highlights the transition in the reduction in defect densities and 
the development of new circuit topologies. The author’s latest book is a vital aid to engineers, and industry observers who need 
to stay abreast of the semiconductor industry. 

INTUITIVE IC OP AMPS— 1984 

Thomas M. Frederiksen’s new book, intuitive iC Op Amps, explores the many uses and applications of different IC op amps. 
Frederiksen’s detailed book differs from others in the way he focuses on the intuitive groundwork in the basic functioning 
concepts of the op amp. Mr. Frederiksen’s latest book is a vital aid to engineers, designers, and industry observers who need to 
stay abreast of the computer industry. 

LINEAR APPLICATIONS HANDBOOK— 1986 

The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit 
applications using both monolithic and hybrid circuits from National Semiconductor. 

Individual application notes are normally written to explain the operation and use of one particular device or to detail various 
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by 
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index. 



LINEAR SUPPLEMENT DATABOOK— 1984 

Amplifiers • Comparators • Voltage Regulators • Voltage References • Converters • Analog Switches 
Sample and Hold • Sensors • Filters • Building Blocks • Motor Controllers • Consumer Circuits 
Telecommunications Circuits • Speech • Special Analog Functions 

LOGIC DATABOOK VOLUME 1—1984 

CMOS AC Switching Test Circuits and Timing Waveforms • CMOS Application Notes • MM54HC/MM74HC 
MM54HCT/MM74HCT • CD4XXX • MM54CXXX/MM74CXXX • LSI/VLSI 

LOGIC DATABOOK VOLUME 11—1984 

Introduction to Bipolar Logic • Advanced Low Power Schottky • Advanced Schottky • Low Power Schottky 
Schottky • TTL • Low Power 

LS/S/TTL DATABOOK— 1987 

Introduction to Bipolar Logic • Low Power Schottky • Schottky • TTL • Low Power 

MASS STORAGE HANDBOOK— 1986 

Disk Interface Design Guide and User Manual • Winchester Disk Support • Winchester Disk Data Controller 
Floppy Disk Support • Drive Interface Support Circuits 

MEMORY SUPPORT HANDBOOK— 1986 

Dynamic Memory Control • Error Checking and Correction • Microprocessor Interface and Applications 
Memory Drivers and Support 

THE NSC800 MICROPROCESSOR FAMILY DATABOOK— 1985 

CPU • Peripherals • Evaluation Board • Logic Devices • MA2000 Macrocomponent Family 
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